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Terminalia laxiflora and Terminalia brownii contain a broad spectrum of 
antimycobacterial compounds including ellagitannins, ellagic acid derivatives, 
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Terminalia laxiflora Engl. & Diels, (Sudanese Arabic name: Darout الدروت) and Terminalia brownii 
Fresen (Sudanese Arabic name: Alshaf ألشاف) (Combretaceae) are used in Sudanese traditional folk 
medicine and in other African countries for treatment of infectious diseases, TB and its symptoms, 
such as cough, bronchitis and chest pain. 
Aim of study: 
Because of the frequent use of T. laxiflora and T. brownii in African traditional medicine and due to 
the absence of studies regarding their antimycobacterial potential there was a need to screen extracts 
of T. laxiflora and T. brownii for their growth inhibitory potential and to study the chemical 
composition and compounds in growth inhibitory extracts. 
Materials and methods: 
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The plant species were collected in Sudan (Blue Nile Forest, Ed Damazin Forestry areas) and 
selected according to their uses in traditional medicine for the treatment of bacterial infections, 
including TB. Eighty extracts and fractions of the stem bark, stem wood, roots, leaves and fruits of 
T. laxiflora and T. brownii and nine pure compounds present in the active extracts were screened 
against Mycobacterium smegmatis ATCC 14468 using agar diffusion and microplate dilution 
methods. Inhibition zones and MIC values were estimated and compared to rifampicin. HPLC-
UV/DAD, GC/MS and UHPLC/Q-TOF MS were employed to identify the compounds in the 
growth inhibitory extracts. 
Results: 
The roots of T. laxiflora and T. brownii gave the best antimycobacterial effects (IZ 22-27 mm) 
against Mycobacterium smegmatis. The lowest MIC of 625µg/ml was observed for an acetone 
extract of the root of T. laxiflora followed by methanol and ethyl acetate extracts, both giving MIC 
values of 1250 µg/ml. Sephadex LH-20 column chromatography purification of T. brownii roots 
resulted in low MIC values of 62.5 µg/ml and 125 µg/ml for acetone and ethanol fractions, 
respectively, compared to 5000 µg/ml for the crude methanol extract. Methyl (S)-flavogallonate is 
suggested to be the main active compound in the Sephadex LH- 20 acetone fraction, while ellagic 
acid xyloside and methyl ellagic acid xyloside are suggested to give good antimycobacterial activity 
in the Sephadex LH-20 ethanol fraction. RP-18 TLC purifications of an ethyl acetate extract of T. 
laxiflora roots resulted in the enrichment of punicalagin in one of the fractions (Fr5). This fraction 
gave a five times smaller MIC (500 µg/ml) than the crude ethyl acetate extract (2500 µg/ml) and 
this improved activity is suggested to be mostly due to punicalagin. 1,18-octadec-9-ene-dioate, 
stigmast-4-en-3-one, 5α-stigmastan-3,6-dione, triacontanol, sitostenone and β-sitosterol were found 
in antimycobacterial hexane extracts of the stem bark of both studied species. Of these compounds, 
1,18-octadec-9-ene-dioate, stigmast-4-en-3-one, 5α-stigmastan-3,6-dione, triacontanol, sitostenone 
have not been previously identified in T. brownii and T. laxiflora. Moreover, both plant species 
contained friedelin, betulinic acid, β-amyrine and two unknown oleanane-type triterpenoids. Of the 
listed compounds, friedelin, triacontanol and sitostenone gave a MIC of 250 µg/ml against M. 
smegmatis, whereas stigmasterol and β-sitosterol gave MIC values of 500 µg/ml.  
Conclusions: 
Our results show that T. laxiflora and T. brownii contain antimycobacterial compounds of diverse 
polarities and support the traditional uses of various parts of T. laxiflora and T.brownii as 
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decoctions for treatment of tuberculosis. Further investigations are warranted to explore additional 
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Ellagic acid (PubChem CID: 5281855), Punicalagin (PubChem CID: 16148440), Corilagin (PubChem CID: 73568), 
Friedelin (PubChem CID: 91472), Triacontanol (PubChem CID: 68972), Sitostenone (PubChem CID: 241573), β-




1. Introduction  
 
Tuberculosis (TB), is caused by the globally leading bacterial killer, Mycobacterium 
tuberculosis, and is becoming increasingly common worldwide due to international travel (WHO, 
2006; Willcox et al., 2004). Presently, TB is a major health hazard due to multidrug-resistant 
(MDR) and extensively-drug resistant (XDR) forms of M. tuberculosis which emerge specifically in 
poor societies due to inaccurate medication and poor living standards (WHO, 2013a; Zhao et al., 
2014). Among children, pregnant women and people suffering from immunodeficiency, the 
mortality rate due to TB is especially high (WHO, 2010). In 2012, TB resulted in 1.3 million deaths 
and 8.6 million new TB cases (Zhao et al., 2014; WHO, 2010). It is estimated that about 3.5% of 
the new cases and 20.5% of earlier treated have MDR-TB (WHO, 2014). Besides, an estimated 
9.6% of the MDR-TB cases have appeared to be of the XDR-TB form (WHO, 2013b). One of the 
limitations to the eradication of TB is its ability to persist in the human lungs in a dormant state, and 
this state is especially resistant to anti-TB drugs and to the human immune system (Sala et al., 
2014). Latent infection is the major pool of worldwide TB cases and treatment of latent TB is 
therefore an important goal to eradicate the disease (Young et al., 2009; Abuhammad et al., 2012). 
Moreover, the six month long treatment regimens of TB, using rifampin, isoniazid, ethambutol and 
pyrazinamide, often gives severe side effects and is difficult to complete in impoverished areas with 
poor public health care systems. Treating resistant TB requires even longer treatment periods and 
more toxic therapies (Wivagg et al., 2014).  
The current number of new anti-TB candidates in the drug pipeline for combating TB is 
insufficient (Marrakchi et al., 2014; Zumla et al., 2013). Therefore, the need to find and develop 
new anti-TB drugs is urgent (Shilpi et al., 2015). In recent years there has been a renewed interest in 
the discovery of antimycobacterial agents from natural sources (Dashti et al., 2014; Santhosh and 
Suriyanarayanan, 2014; Shilpi et al., 2015).  
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Africa has a rich tradition on the uses of medicinal plants for the treatment of tuberculosis 
and its symptoms and this ethnobotanical information could be used as a guideline to find new 
scaffolds for anti-TB drugs from African plants. In Africa there occurs an estimated 30 species of 
Terminalia and only a fraction of these species have been studied for their antimycobacterial effects 
and active compounds, although most of them have some uses for treatment of TB or its symptoms. 
For example, antimycobacterial ellagic acid xyloside and punicalagin were found from T. superba 
(Kuete et al., 2010); acetone extracts of T. sericea inhibited the growth of M. tuberculosis H37 Ra 
(Green et al., 2010); crude extracts of the leaves of T. glaucescens were active against M. 
tuberculosis H37 Rv (Nvau et al., 2011); the pentacyclic triterpene, friedelin, from T. avicennoides 
gave good growth inhibitory effects against M. bovis (Mann et al., 2011).  
Terminalia laxiflora (Engl. & Diels) and T. brownii (Fresen) (Comretaceae) are dry 
savanna woodland trees occurring commonly in the Sudano-Sahelian area of Africa (Foyet, 2013). 
Other additional geographical regions of occurrence for T. brownii include Nigeria, Congo, North 
Tanzania and Kenya (Mosango, 2013). T. laxiflora and T. brownii are customarily used by 
traditional medicinal practitioners (TMP) against cough, chest pain and fever, symptoms related to 
TB (Mohieldin et al., 2017; El Ghazali et al., 2003; Musa et al., 2011; El Ghazali et al., 1997; Salih 
personal communication, 2006, 2012 and 2014). In Sudan, traditional preparations of remedies from 
T. brownii and T. laxiflora include soaking fresh and/or dry plant material for one day in lukewarm 
tap water as well as boiling the plant material in water for a few minutes to prepare decoctions, or to 
infuse the plant material in freshly boiled water to produce a tea (Muddathir et al., 2013; El Ghazali 
et al., 2003; Salih personal communication, 2006, 2012 and 2014). Despite of the frequent and 
various uses of T. brownii and T. laxiflora for the treatment of bacterial infections in traditional 
medicine, there are few studies available on their antimicrobial activities (Opiyo et al., 2011; 
Mbwambo et al., 2007) and to the best of our knowledge no studies have been conducted previously 
on the antimycobacterial effects of extracts and compounds of these plants.  
Some research has been done on the phytochemistry of Terminalia laxiflora and T. 
brownii. Medium polar to polar phenolic compounds, such as gallic acid, ellagic acid and its 
derivatives, gallotannins and the ellagitannins punicalagin, terchebulin, methyl-(S)-flavogallonate 
and its isomer have recently been characterized in the roots of both species and in the stem bark of 
T. brownii (Machumi et al., 2013; Yamauchi et al., 2016; Schrader et al., 2016; Salih et al., 2017). 
Moreover, terchebulin, flavogallonic acid dilactone and ellagic acid and its derivatives have been 
reported to occur in the stem wood of T. laxiflora (Ekong and Idemudia,1967; Muddathir et al., 
2013). In addition, the sterols β-sitosterol and stigmasterol as well as the triterpenoids betulinic 
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acid, arjungenin, terminolic acid and monogynol A, the diterpenoid laxiflorin and terminalianone, a 
chromone, were reported from the stem bark of Terminalia brownii and T. laxiflora and the root 
bark of Terminalia laxiflora (Rashed et al., 2016; Machumi et al., 2013; Opiyo et al., 2010; Negishi, 
et al., 2011; Ekong and Idemudia, 1967).  
  This study describes the growth inhibitory effects of extracts of a wide range of polarities 
from the stem bark, stem wood, roots, leaves and fruits of T. brownii and T. laxiflora on 
Mycobacterium smegmatis. Sephadex LH-20 and RP-18 TLC fractions, enriched in ellagitannins 
and ellagic acid derivatives, were also used in the screenings in order to investigate how these 
chromatographic purifications affect the capacity of the fractions to inhibit the growth of M. 
smegmatis. The MIC values of some pure compounds occurring in the extracts were investigated in 
order to compare their activities to the extracts. UHPLC/Q-TOF MS, HPLC-DAD and GC/MS 
results on the molecular masses of ellagitannins, ellagic acid derivatives, triterpenes, sterols, fatty 
acids and fatty alcohol derivatives are presented.  
 
2. Material and methods 
 
2.1. Plant material 
Dried leaves, fruits, stem bark, stem wood and roots of T. brownii and T. laxiflora, 
collected in May-June 2006, in February-March 2012 and July-August 2014 in Ed Damazin 
Forestry areas, south-eastern Sudan, were used in this study. Mr. Ashraf Mohamed Ahmed Abd 
Alla (PhD) and Mr. Haytham Hashim Gibreel (PhD) at the Faculty of Forestry, University of 
Khartoum, Sudan and Mr. El Sheikh Abd alla Al Sheikh (PhD) at Soba Forest Research Center, 
Khartoum, Sudan confirmed the identity of the plants used in this study. Voucher specimen of 
Terminalia laxiflora (Plate 24. June, 2006) and T. brownii (Plate 23. June, 2006) are deposited in 
the Herbarium at University of Khartoum, Sudan. The collected plants were shade dried at + 28°C, 
separated manually to stem wood, stem bark, roots, leaves and fruits and ground to fine powder 
using a hammer mill (mesh). This powder was used for extraction, antimycobacterial testing and 
phytochemical analysis.  
 
2.2. Extraction methods 
 
2.2.1. Soxhlet extraction  
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Methanol was used in order to obtain crude extracts containing a broad class of 
compounds. 20 g of dried ground materials were extracted with 800 ml MeOH in a Soxhlet 
apparatus for 5 hours. The obtained extracts were cooled before transferring to a rotary evaporator 
(Heidolph VV2000), using a water bath not exceeding +40°C. The extracts were then freeze-dried 
in a lyophilizer for 1–2 days.  
 
2.2.2. Sequential extraction and liquid partition 
Sequential extraction and liquid partition was used to obtain extracts of various polarities in 
order to monitor compound classes responsible for antimycobacterial activity. In brief, for 
sequential extraction, 100 g of plant powder was defatted using hexane (1500 ml), whereafter the 
marc was extracted with dichloromethane or chloroform (1400 ml) followed by 80% methanol 
(800-1000 ml). For root bark, roots and leaves the marc was extracted with acetone (800-1000 ml) 
before using 80 % methanol. The 80 % methanol extraction was completed using a magnetic stirrer 
overnight at room temperature. The 80% methanolic extracts were fractionated with ethyl acetate 
(EtOAc) using liquid-liquid partition. Thus, the extractions and fractionations resulted in hexane, 
dichloromethane, chloroform, acetone, ethyl acetate and aqueous fractions. Ethyl acetate and 
aqueous fractions were concentrated to dryness using a rotary evaporator (Heidolph VV2000) at 
+40
º
 C. The rest of the fractions were dried at room temperature in a fume cabinet. All extracts were 
further freeze-dried in a lyophilizer  
 
2.2.3. Decoctions, macerations and cold methanol extractions 
Decoctions were prepared to resemble as closely as possible similar preparations 
customarily used by traditional healers in Sudan. 500 ml of water was added to 20 g of the plant 
powder, mixed carefully and brought to the boil. The decoction was centrifuged at 2000 rpm for 10-
15 minutes (Eppendorf AG centrifuge 5810 R, Germany) and filtered using filter paper (Schleicher 
& Schuell,  150 mm, Germany), whereafter it was freeze-dried for two days. Macerations were 
prepared from 10-20 g of plant powder soaked in 300-500 ml cold water overnight. Cold methanol 
extractions were prepared according to a procedure identical to the macerations, using the same 
extraction time and dry material to solvent ratio (w/v). 
 
Extracts resulting from the various extraction procedures described above were dissolved in 
methanol (medium-polar to polar extracts) or hexane (very non-polar extracts) to a concentration of 
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50 mg/ml and were used for primary antimycobacterial screening using an agar disk diffusion 





2.3.1. Sephadex LH-20 chromatography of a Terminalia brownii root extract 
A root methanolic Soxhlet extract of Terminalia brownii was subjected to Sephadex 
LH-20 (Pharmacia, Uppsala) fractionation using size exclusion in order to separate tannins from 
non-tannin phenols in the extract (Hagerman, 2002; Saleem et al., 2002). 200 mg dry root 
methanolic Soxhlet extract was dissolved in 10 ml of 80% (v/v) EtOH. The extract was centrifuged 
to avoid precipitation whereafter it was poured into a 50 ml volume plastic centrifuge tube 
(Eppendorf) containing 2.5 g Sephadex LH-20 (Uppsala, Pharmacia Biotech AB, Sweden). The 
Sephadex LH-20 and the extract in the tube were mixed carefully, centrifuged at 3000 rpm for 3 
min, whereafter the supernatant was collected. Extractions using 8-10 ml 80% (v/v) EtOH and 
centrifugations were repeated several times until the resulting supernatant changed color from 
yellow to clear and showed an absorbance close to zero at 280 nm. The “tannin fraction” (ET 
enriched fraction or acetone fraction) was released from the Sephadex LH-20 using 2  15 ml 70% 
acetone. The acetone extract was filtrated using double filter paper (Whatman) into a 100 ml rotary 
evaporation flask to be concentrated to dryness using a rotary evaporator. The 80 % EtOH fraction 
(containing a higher percentage of ellagic acid derivatives) was also reduced to dryness using a 
rotary evaporator. Both fractions were dissolved in 5 ml H2O before drying, using liquid nitrogen, 
whereafter the fractions were freeze-dried for two days. The freeze-dried fractions were dissolved in 
MeOH to make stock solutions of 1000 µg/ml for antimycobacterial testing and for phytochemical 
analysis (HPLC-DAD).  
 
2.3.2. Preparative RP-18 TLC of a Terminalia laxiflora root extract 
Preparative thin layer chromatography (TLC) was performed on glass-backed RP-18 
F254s TLC-plates (Merck, Darmstadt, Germany) to separate ellagitannin enriched fractions. 10 
microliters of extracts and fractions (50 mg/ml) were applied equidistantly from each other and 1.5 
cm from the bottom of the plate using a microcapillary pipette. 10 ml of freshly prepared methanol: 
water: orthophosphoric acid (50:50:1, v:v:v) was used as eluent and the development distance was 
8-12 cm. Gallic acid, lutein, quercetin, corilagin and ellagic acid (Sigma-Aldrich) were used as 
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standard compounds. The developed plates were observed and photographed with a Camaq 
Reprostar 3 TLC Visualizer documentation system. The spots were marked at 366 nm (fluorescing) 
and 254 nm (quenching) wavelengths and the retardation factor (Rf values) were calculated (Fig. 
S1, S2 and S3). TLC spots were scraped from a large number of thin layer chromatography glass 
plates (30 plates approximately) and collected into centrifuge tubes (15-50ml). The silica powder 
containing the fractions/ compounds was extracted with methanol whereafter the tubes were 
centrifuged for 10 min using 5000 rpm (Mini Spin®plus, Eppendorf, Germany). The supernatants 
were carefully transferred to new test tubes and evaporated to dryness in an evaporator 
(Concentrator Plus, Eppendorf). The dried fractions were dissolved in methanol to a concentration 
of 1000 µg/ml stock solutions used for antimycobacterial testing and for phytochemical analysis 
(HPLC-DAD).  
 
2.3.3. Qualitative DPPH-TLC bioautography method 
A thin-layer chromatography bioautography method (Wang et al., 2012) for in situ 
qualitative determination of antioxidative effects of compounds and fractions of T. brownii and T. 
laxiflora was used. Thin-layer chromatography was performed on aluminium-backed RP-18 F254s 
TLC plates (Merck, Darmstadt, Germany). 1 µl of extracts (50 mg/ml) were applied 1.5 cm from 
the bottom of the plate. Methanol: water: orthophosphoric acid (50:50:1,v:v:v) was used as eluent 
and development distance was 8-12 cm. The plates were left to dry for 30 min, wherafter they were 
photographed using Camaq Reprostar 3 TLC Visualizer documentation system at 366 and 254 nm. 
After documentation, the plates were sprayed evenly with 0.2 % (w/v) 2,2-Diphenyl-1-
picrylhydrazyl reagent in methanol (DPPH, Sigma-Aldrich), left to dry and quickly photographed in 
visible light. Antioxidative fractions/compounds on the plate appear yellow against a purple 
background. Ellagic acid, gallic acid, luteolin, corilagin and naringenin (Sigma-Aldrich) were used 
as standard compounds (Fig. S3). The spayed plates were compared to their unsprayed replicates as 
well as with standard compounds and their Rf values in order to identify antioxidative 
compounds/fractions in extracts of T. brownii and T. laxiflora.  
 
2.3.4. HPLC-UV/DAD method 
A method described in Fyhrquist et al. (2014) and Salih et al. (2017) was used for the 
identification of polyphenols. An autosampler controlled by Agilent Chemstation software (Water 
Corp., Milford, USA) was used. A liquid chromatographic system was used consisting of a Waters 
600 E pump and a controller coupled to a 991 PDA detector. Separations were made on a reversed 
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phase Hypersil Rp C18 column (length: 60 mm; ID: 2 mm). 10 μl of samples (2 mg/ml in 50% 
MeOH) were injected. Gradient elution was performed using two solvent systems: A) Aqueous 
1.5% tetrahydrofuran + 0.25% orthophosphoric acid and B) 100 % MeOH. Flow rate was 2 ml/min. 
UV fingerprint chromatograms were constructed at 220, 270, 280, 320 and 360 nm. UVλ absorption 
spectra of the compounds were recorded between 210 and 400 nm using Agilent Chemstation 
software. Phenolic compounds were compared to the computer compound library (Agilent 
Chemstation) and to the literature (Conrad et al., 2001; Pfundstein et al., 2010). 
2.3.5. UHPLC/ Q-TOF MS method 
UHPLC-DAD (Model 1200 Agilent Technologies)-JETSTREAM/QTOFMS (Model 
6340 Agilent Technologies) equipped with a 2.1  60 mm, 1.7 µm C18 column (Agilent 
technologies) as described in Salih et al. (2017) was used for detecting the masses of polyphenolic 
compounds. Solvent A consisted of 1.5% tetrahydrofuran and 0.25% acetic acid in HPLC quality 
water and solvent B was 100% methanol. A gradient run was used as follows: from 0 to 1.5 min, B 
0 %, from 1.5 to 3 min, 0 to 15% B, from 3 to 6 min, 10 to 30 % B, from 6 to 12 min, 30 to 50% B, 
from 12 to 20 min, 50 to 100% B, and from 20 to 22 min, 100 to 0% B. The qtof-mass spectra were 
acquired at the negative ion modes depending on the compounds, and a mass range from 100 to 
2000 m/z was used. The ppm values describing the mass measurement error were calculated 
according to the below formula (Brenton and Godfrey, 2010):  
Difference between an individual measurement and the calculated value, Mi (in ppm, parts per 
million mass error) = (M measured – M calculated) x 10
6
/M calculated   
Where M measured stands for the measured mass in Q-TOF and M calculated stands for the calculated mass according to the 
molecular formula of the compound. Since negative mode of Q-TOF was used, the mass of the hydrogen atom (1.0078) 
was subtracted from all the calculated masses.  
 
2.3.6. GC/MS analysis  
 
2.3.6.1. Silylation 
Trimethylchlorosilane [TMCA, GC grade] and N,O-bis (trimethylsilyl) 
trifluoroacetamide [BSTFA, GC grade] were purchased from Sigma (Buchs, Switzerland). 
According to silylation method by Münger et al. (2015), 10 mg of hexane extracts of the stem bark 
of T. laxiflora and T. brownii were dissolved in 2 ml dichloromethane (HPLC grade). 200µl of 
dissolved extracts were dried with nitrogen gas (PIERCE Modle 18780 Reacti-Vap
TM
) and the 
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residue was mixed with 100µl of pyridine and 100µl of silylation reagent [BSTFA 99 %+ TMCS 
1%]. The analytes were silylated in closed vials incubated in an oven (Horo) at 60ᴼ C for 30-40 
min, after which the mixtures containing trimethyl silyl ethers (TMS) were dried again with 
nitrogen gas. To prepare the sample for the GC/MS analysis, the dried samples were dissolved in 
200µl of heptane (chromasolv® for HPLC). 
 
2.3.6.2. Gas chromatograph mass spectrometers (GC/MS) 
The GC/MS HP6890 instrument consisted of an autosampler, a split/splitless injector, 
a column oven and a MS detector. The capillary column used was a RTX
TM
-5 fused-silica column 
[crossbond 5% diphenyl and 95% dimethyl polysiloxane phase; 60 m, 0.32 mm id, 0.1 mm film, 
Restek Corp., Bellefonte, PA, USA]. The injector temperature was set at 275ᴼC. The GC oven 
temperature was initially adjusted at 150ᴼC held for 1 min then set to 275ᴼC at a rate of 15 ᴼC/min, 
and finally programmed to 310ᴼC at rate 5.00 ᴼC/min and held for 10 min. The actual injected 
volume of the sample was 2.0 µl. Helium was used as the carrier gas and its pressure was adjusted 
at 21.50 psi. In the MS, the interface and ion source temperatures were 280ᴼC and 230ᴼC, and 
electron impact ionization was used. Full scan mass spectra (80-650 m/z) were collected.  
 
2.3.6.3. GC/MS data analysis 
The non-polar compounds were identified by comparing with mass spectra of standard 
compounds and to literature (AOCS libid library, Goad and Akihisa, 1997 and Assimopoulou and 
Papageorgiou, 2005) as well as Wiley, NIST and Scifinder libraries of reference compounds.  The 
peak area (%) and M
+
 (the mass to charge for the molecular ion) of the compounds were reported. 
 
2.4. Assays for measuring antimycobacterial activity 
2.4.1. Agar disk diffusion 
An agar disc diffusion assay according to Fyhrquist et al. (2014) was used for the 
primary antimycobacterial screening. Mycobacterium smegmatis ATCC 14468 was selected as test 
bacterium since it is known to have a similar drug sensitivity profile to M. tuberculosis and at the 
same time it is fast-growing and non-pathogenic (Newton et al., 2002). M. smegmatis was incubated 
on Löwenstein-Jensen agar slants (Becton-Dickinson & Company, USA) for five days at +37 °C. 
200 μl bacterial culture containing 1.0×10
8
 CFU/ml was grown on Petri dishes containing 25 ml 
Middlebrook 7H10 agar (Difco) enriched with oleic acid, albumin, dextrose and catalase (OADC 
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supplement, Difco) as top layer and 25 ml Base agar (Difco) as base layer. 200 µl extracts 
(50mg/ml) and rifampicin (10mg/ml, Sigma-Aldrich) were applied on sterile filter paper disks (Ø = 
12.7 mm, Schleicher and Schuell 2668). The solvent from the filter papers containing the extracts 
and antibiotics was left to dry. Methanol and hexane were used as negative controls. Prior to 
incubation the petri dishes were kept in +4 °C to facilitate diffusion of the extracts into the agar. 
The petri dishes were then incubated at +37 °C for five days. All extracts and antibiotics were tested 
in triplicate. The diameters of the zones of inhibition (IZ) were measured with a caliper under a 
petri dish magnifier and the mean of three replicate diameters ± SEM was calculated. Activity index 
of the plant extracts and fractions was measured in relation to rifampicin as in Fyhrquist et al. 
(2014) as follows:  
AI (Activity index) = Inhibition zone of the plant extract/ Inhibition zone of rifampicin  
 
2.4.2. Agar disk diffusion for MIC estimations 
For some of the extracts MIC was difficult/impossible to determine using the 
microplate method due to extensive buildup of precipitation and in these cases the agar diffusion 
method described above was used. Two-fold dilutions from 5000 to 39.06 μg/ml for the plant 
extracts and from 1000 to 0.98 μg/ml for rifampicin were made in methanol or hexane. 200 µl of the 
dilutions were pipetted on filter paper disks (Ø = 12.7 mm, Schleicher and Schuell 2668) which 
were placed equidistantly on the petri dishes inoculated with M. smegmatis as described above. The 
petri dishes were incubated for five days in +37 °C, whereafter diameters of inhibition were 
measured as above. The approximate MIC was estimated as the lowest mean inhibitory 
concentration of triplicates giving a small, but visible inhibition zone around the filter paper disc.  
 
2.4.3. Microplate broth dilution method  
To determine the minimum inhibitory concentration (MIC) and the percentage 
inhibition of bacterial growth (inhibitory concentration IC) of those extracts giving the most 
prospective growth inhibitory activities in the primary screening agar diffusion assay, a modified 
microplate broth method according to Fyhrquist et al. (2014) and according to guidelines of the 
Clinical and Laboratory Standards Institute (2013) was used. M. smegmatis ATCC 14468 was 
grown on Löwenstein-Jensen agar slants for five days at +37C. A colony from the agar slant was 
transferred into Dubos broth (Difco) and the turbidity of the sample was measured at 625 nm using 
a spectrophotometer (UV-Visible Spectrophotometer, Pharmacia LKB-Biochrom 4060). The 
absorbance at 625 nm was adjusted to 0.1 (approx. 1.0×10
8
 CFU/ml) using Dubos broth (Difco). 
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This suspension was diluted further so that the final number of cells in the inoculum was 
approximately 5.0 × 10
5
 CFU/ml. 100 µl of this inoculum was added to the wells of the microplate 
(Nunc, Nunclone, Denmark). In addition 100 µl of two-fold dilutions of the plant extracts (9.76-
5000 µg/ml) and of rifampicin (0.98-1000 µg/ml) in Dubos broth or 100 µl broth (growth control) 
were added to the wells of the microplate, so that the final volume in each well was 200 µl. Thus, at 
the starting point of the experiment each well contained an inoculum of 2.5 × 10
5
 CFU/ml. Plant 
extracts, fractions, pure compounds or rifampicin in broth without bacterial inoculum were used as 
sample controls. MeOH and hexane were used as solvent controls and did not affect the growth of 
M. smegmatis at 5 % (v/v) or less. The plates were incubated for four days at 37 C, whereafter 
turbidity of the wells at 620 nm was measured using a Victor 1420 microplate reader (Wallac, 
Finland). As described in the below formula, the results were measured as mean percentage 
inhibition compared to the growth control of three replicate samples  SEM. The minimum 
inhibitory concentration (MIC) was considered as the smallest concentration of the extracts, 
fractions, pure compounds and rifampicin inhibiting visible growth which was found to be equal to 
90 % inhibition or more of the growth when measured spectrophotometrically at 620 nm.  
% inhibition of growth (IC) = 100 (% growth of the growth control) – ((GTA620 –SC A620)/GC A620)  
100) 
                           
where GTA620 is the turbidity of the test well at 620 nm (plant sample, pure compound or antibiotic), 
SCA620 stands for the test sample negative control and GC A620 is the turbidity of the growth control 
at 620 nm (containing only bacterial cells). 
2.5. Statistical analysis 
The data from diameters of inhibition and the percentage inhibition of growth were 
expressed as mean ± SEM, obtained from three independent experiments, each sample performed in 
duplicate, triplicate or quadruplicate. 
 
3. Results and discussion 
 
3.1. General observations 
A total of seventy-seven extracts from the roots, stem bark, stem wood, fruits and 
leaves as well as three chromatographic fractions from the roots of T. laxiflora and T. brownii were 
tested for their growth inhibitory effects against Mycobacterium smegmatis ATCC 14468. The roots 
of both species of Terminalia gave the best growth inhibitory effects, although nearly all extracts 
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gave some activity, and growth inhibition was observed both for polar and non-polar extracts (Table 
1 and 2). Our results on the good growth inhibitory effects of especially the root extracts of both 
species of Terminalia are in accordance with Mann et al. (2008) who reported that root extracts of 
Terminalia avicennoides give strong antimycobacterial effects. 
 
3.2. Growth inhibition of medium-polar to polar extracts from various plant parts  
Polar to medium polar extracts from the roots (methanol, acetone and ethyl acetate) of 
T. laxiflora gave lower MIC values (625-2500 µg/ml) than root extracts of similar polarities from T. 
brownii (MIC 2500-5000 µg/ml) (Table 2), although the zones of inhibition were larger for the root 
extracts of T. brownii (Table 1). Interestingly, cold water extracts (macerations) and decoctions of 
the roots of both species gave good antimycobacterial effects in terms of the sizes of their inhibition 
zones (Table 1). Notably, when using methanol Soxhlet extraction, the extraction yield for the root 
bark was especially beneficial for T. brownii, giving a 78.2% yield compared to 28.8% and 43.4% 
yields, respectively, for a wood and a stem bark extract (Fig. S8 a). For T. laxiflora, however, the 
roots gave smaller extraction yields (34%) than the stem bark (41.1%) when using Soxhlet 
methanol extraction (Fig. S8 a). For both species of Terminalia, the yields of decoctions and 
macerations of the roots were lower than the yields obtained with methanol Soxhlet extraction (Fig. 
S8 b) which means that the traditional procedure of preparing these plants for medicine gives a 
fairly low yield of antimycobacterially active compounds. Our results justify the traditional uses of 
the roots of T. laxiflora for treatment of tuberculosis and cough (Foyet and Nana, 2013), but we 
suggest that ethanol extracts could be used instead of macerations and decoctions. The roots of T. 
brownii are only reported to be used for allergic reactions (Mosango, 2013), and therefore our 
results now suggest that the roots of this species also could have uses for the treatment of TB. 
When compared to the root extracts, the extracts of stem wood and bark of both 
species of Terminalia in general gave smaller zones of inhibition (Table 1). Interestingly, 
decoctions of the stem wood of T. brownii and T. laxiflora gave good growth inhibition whereas 
decoctions of the bark of both species showed only slight activity. Thus, our results justify the use 
of decoctions and infusions of the stem wood of T. brownii for treatment of fevers, colds and chest 
complaints, including tuberculosis (Burkil, 1994). Here must be noted that fairly low yields of 2.8 
and 6 % resulted from hot water extraction of the stem wood of T. brownii and T, laxiflora, 
respectively (Fig. S8 b). Thus, again, ethanol might be a better solvent for the preparation of 
traditional medicine from the stem wood of these species to treat TB, since the yields resulting from 
methanol Soxhlet extraction were higher than for hot water extraction (Fig. S8 a). 
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In addition to the roots and stem also the leaves of T. brownii and T. laxiflora contain 
antimycobacterial compounds and we found that ethyl acetate extracts of the leaves of both species 
gave large zones of inhibition (Table 1). We found, however, that the yields resulting from ethyl 
acetate extraction, used as one of the solvents in our sequential extraction procedure, were rather 
low for both species of Terminalia (Fig. S9 a and S9 b) 
We hypothesize that the variation in antimycobacterial potency between extracts of 
different plant parts of T. laxiflora and T. brownii could be due to the ratios of the various 
polyphenolic compounds, especially that of ellagitannins in these organs, so that the optimum ratio 
might be present in the roots which gave the most prospective growth inhibitory effects in our 
study. Roots in general have been found to contain higher levels of antimicrobial defense 
compounds when compared to other organs (Balmer and Mauch-Mani, 2013). It is possible that 
some of the compounds in the roots of T. laxiflora and T. brownii (ellagitannins and other phenolic 
compounds) act synergistically with each other to maximize the defense capacity of the roots 
against pathogenic soil bacteria and fungi (Balmer and Mauch-Mani, 2013).  
Leaf, stem bark and root extracts of T. laxiflora and T. brownii have been reported to 
give growth inhibitory effects against some gram-negative and gram-positive bacteria (Abd alla et 
al., 2013; Machumi et al., 2013; Mbwambo et al., 2007; Fasola et al., 2013; Muddathir and 
Mitsunaga, 2013; Salih et al., 2017), but this is the first report on their good antimycobacterial 
effects.  
 
3.2.1. Growth inhibition of an ellagitannin enriched RP-18 TLC fraction from an ethyl acetate 
extract of the roots of T. laxiflora  
Based on good growth inhibitory results from the primary screening, an ethyl acetate 
extract of the roots of T. laxiflora was chosen for further fractionation using preparative reversed 
phase thin layer chromatography (RP-18 TLC) in an attempt to separate antimycobacterial fractions 
and compounds from this extract, with special emphasis on ellagitannins. We have previously 
reported that the crude ethyl acetate extract of the roots of T. laxiflora contains a high concentration 
and diversity of unknown ellagitannins, along with punicalagin, corilagin and its derivative (Salih et 
al., 2017; Table S3). Muddathir et al. (2013) reported on the presence of flavogallonic acid 
dilactone and terchebulin in a methanolic extract of the stem wood of T. laxiflora, but we found that 
ethyl acetate extracts of the stem wood and roots of T. laxiflora were devoid of these ET:s. 
Our TLC fractionation of an ethyl acetate extract of the roots of T. laxiflora resulted in 
altogether seven fractions (Fig. S1). Of these fractions, only fractions 5 (R5) and 6 (R6) were 
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available in high enough concentrations to be tested for their antimycobacterial effects. These 
fractions 5 (R5) and 6 (R6), showed a significant enrichment of ellagitannins, and especially in 
punicalagin, compared to the ethyl acetate extract (Table S3). Since fractions 5 (R5) and 6 (R6) were 
very similar to each other, both containing punicalagin as the main compound, only the other one 
(fraction 5) was investigated for its antimycobacterial effects. The MIC of fraction 5 (R5) was 500 
µg/ml and thus 2.5 times lower than the MIC (1250 µg/ml) for the crude ethyl acetate extract (Table 
2). The compounds in the thin layer chromatography fraction 5 (R5) were tentatively identified 
using HPLC-DAD data, comparing retention times and UV max data to the corresponding 
compounds in the crude ethyl acetate extract (Table S3). According to this data, fraction 5 (R5) 
contained a much higher concentration of punicalagin (5), exhibiting an HPLC-DAD peak area of 
29.62 % compared to a peak area of 12.99 % for punicalagin in the crude ethyl acetate extract 
(Table S3). Therefore, most of the antimycobacterial potential of fraction 5 is suggested to be 
attributed to punicalagin. Punicalagin has been found to totally inhibit the growth of M. tuberculosis 
typus humanus at concentrations higher than 600 µg/ml as well as to inhibit the growth of a patient 
strain of M. tuberculosis at concentrations higher than 1200 µg/ml and was the first ellagitannin 
reported to possess antimycobacterial effects (Asres et al., 2001). Punicalagin contains two galloyl 
groups, the number and position of which are known to be related to the antibacterial potential of 
ellagitannins (Shimozu et al., 2017). Davidiin, a small ellagitannin from Davidia involucrata, 
containing three galloyl groups, was found to be highly antibacterial against MRSA and VRE (MIC 
16-64 µg/ml), compared to ellagitannins containing only hexahydroxy- (HHDP) and 
dehydrohexahydroxydiphenoyl (DHHDP) groups but lacking galloyl groups (Shimozu et al., 2017). 
Moreover, ellagitannin enriched extracts have been found to disrupt the membrane function in 
bacteria, eventually resulting in cell lysis (Shimozu et al., 2017; Todorovic et al., 2017). 
We found that in fraction 5 (R5), corilagin (4) (Rf value 0.549; Fig.S3) occurred in 
relatively higher concentrations, giving a peak area of 7.31 % compared to 6.69 % in the crude ethyl 
acetate extract of T. laxiflora (Table S3). Therefore, we investigated if this ellagitannin gives 
growth inhibitory effects against M. smegmatis. We found, however, that corilagin gave moderate 
inhibitory effects against M. smegmatis with a rather high MIC value of 1000 µg/ml (Table 2). 
According to the discovery that the number and position of galloyl groups are important to the 
antibacterial activity of polyphenols (Taguri et al., 2004; Shimozu et al., 2017), already mentioned, 
corilagin should be more antibacterial than punicalagin since it contains one more galloyl group 
than punicalagin. However, this seems not to be true for mycobacterial strains, according to the 
MIC results for punicalagin (MIC ˃600 µg/ml) reported by Asres et al. (2001) and our result for 
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corilagin (MIC 1000 µg/ml). On the other hand Asres et al. (2001) used M. tuberculosis for their 
test which differs from M. smegmatis in its sensitivity. We have not found any results in the 
literature on the growth inhibitory effects of punicalagin against M. smegmatis and punicalagin was 
not available for testing against M. smegmatis in our laboratory. Corilagin has been reported to be 
moderately growth inhibitory against gram-positive bacteria, such as Helicobacter pylori and S. 
aureus with MIC values from 128-500 µg/ml (Shimamura et al., 2016; Funatogawa et al., 2004; 
Burapadaja and Bunchoo, 1995). Moreover, corilagin was found to interfere with the activity of 
penicillin binding protein 2a (PBP2a) in S. aureus, but the mechanism of action remains unclear 
(Stapleton and Taylor, 2002). In addition, corilagin was found to increase the effects of β-lactams 
against MRSA (Shimizu et al., 2001). It is therefore possible that corilagin also might act 
synergistically together with rifampicin against mycobacteria and this remains to be investigated.  
It has been suggested that the antioxidative effects of phenolic compounds might be 
related to their antimicrobial effects so that phenols reduce the production of stress related defense 
compounds in microorganisms and thus their pathogenicity (de Freitas Araujo et al., 2017; 
Dambolena et al., 2011). Moreover, plant extracts enriched with antioxidative compounds may treat 
symptoms of inflammation in the host organism due to microbial infections (Courtney et al., 2015). 
Therefore, we investigated the reducing capacity of compounds (ET:s and other polyphenols) in the 
crude ethyl acetate extract of T. laxiflora using a TLC-DPPH qualitative method (Fig. S1 D). In 
addition we compared a decoction to the ethyl acetate extract, since this preparation is frequently 
used in traditional medicine (Fig. S2 D). Moreover, the Rf values and reducing capacity of the pure 
standard compounds of corilagin, gallic acid and ellagic acid were compared to the corresponding 
compounds in the crude extracts (Fig. S3). We observed that several compounds in the ethyl acetate 
extract and in the decoction gave strong antioxidative effects as demonstrated by a colour change of 
the DPPH reagent from purple to yellow for antioxidative compounds on the thin layer plates (Fig. 
S1, S2 and S3). Strong antioxidative effects were observed for corilagin, ellagic acid and gallic acid 
in the crude ethyl acetate extract and the decoction (Fig. S1, S2 and S3). Our results are in 
accordance with Courtney et al. (2015) who report on both good antimicrobial and antioxidative 
effects of ellagitannin enriched extracts of Terminalia ferdinandiana, although these two properties 
were not correlated to each other in their report. Especially corilagin has been reported to give good 
antioxidative effects with an IC50 value of 53 µg/ml (Anokwuru et al., 2015). Therefore, we suggest 
that the antimycobacterial properties of decoctions of T. laxiflora used in traditional medicine, 
could be due to ellagitannins and partly via their antioxidative effects.  
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In conclusion, our results justify the use of standardized water extracts and decoctions 
of T. laxiflora, enriched with ellagitannins, for the treatment of tuberculosis in African traditional 
medicine. In Africa all parts of T. laxiflora are used for treatment of TB and cough (Foyet and 
Nana, 2013), and our results demonstrate now that especially the roots should be used for 
preparation of traditional medicine for treatment of TB. Care has to be taken when using extracts 
enriched with punicalagin, however, since high concentrations of punicalagin have been found to 
cause liver necrosis in mice (Doig et al., 1990).   
 
3.2.2. Growth inhibition of Sephadex LH-20 fractions of a root extract of T. brownii  
Sephadex LH-20 fractionation of a methanolic root extract of T. brownii was used to 
study the effects of ellagitannin and ellagic acid derivative enrichment on the MIC against M. 
smegmatis. Two fractions resulting from this purification, an acetone and an ethanol fraction (Fig. 
1), were tested for their growth inhibitory effects against M. smegmatis. Our results demonstrate 
that, in comparison to the crude methanol extract which gave a MIC of 5000 µg/ml, the acetone 
wash, enriched with ellagitannins, gave a MIC of 62.5 µg/ml (Table 2, Fig.1B). Sephadex LH-20 
purification thus results in a significant increase in antimycobacterial activity of the acetone soluble 
fraction. Moreover, in comparison, the MIC for rifampicin using microplate dilution method was 
3.9 µg/ml (Table 2). We used HPLC-DAD analysis for tentative identification of compounds in the 
Sephadex LH-20 fractions. Retention times and UV absorption maxima of the compounds in the 
fractions were compared to compounds in the crude methanolic Soxhlet extract. We found that the 
acetone wash was enriched with methyl (S)-flavogallonate (9) (peak area % 14.30, Rt 12.37 min) 
and its isomer (5) (peak area % 12.21, Rt 8.56 min) as well as an unknown ellagitannin (10) at Rt 
15.08 min (peak area % 25.64) (Fig. 1B and Table S4). Therefore, the antimycobacterial activity of 
the acetone wash is suggested to be mostly attributed to these ellagitannins. This fraction also 
contained a high number of other, unknown polar ET:s (Rt 8.04-13.94 min). These ellagitannins 
might act synergistically with each other to improve the antimycobacterial effects of this fraction.  
Methyl (S)-flavogallonate has been reported to occur in various parts of other Terminalia 
species, such as in the leaves of T. myriocarpa (Marzouk et al., 2002) as well as in the fruits of T. 
chebula, T. bellerica and T. horrida (Pfundstein et al., 2010) and in the galls of T. chebula 
(Manosroi et al., 2013). Methyl (S)-flavogallonate contains gallic acid moieties esterified to a 
flavogallonoyl unit (Marzouk et al., 2002). Also castalagin, which is structurally related to methyl 
(S)-flavogallonate, contains a flavogallonoyl unit participating in the C-glycosidic linkage (Yoshida 
et al., 1992). Castalagin has been found to be strongly antibacterial against S. aureus, Salmonella 
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and E. coli (Taguri et al., 2004). There are no SAR studies, however, on the relationship between 
the occurrence of flavogallonoyl units in ellagitannins and their antimicrobial potential. Taguri et al. 
(2006) studied the relationship between structure and antimicrobial activity of polyphenols and they 
found that polyphenols containing pyrogallol (3,4,5-trihydroxyphenyl) groups are especially active. 
This would apply to methyl (S)-flavogallonate which contains four pyrogallol units. To the best of 
our knowledge the antimycobacterial effects of methyl (S)-flavogallonate has not been evaluated. 
Our results warrant further studies on the growth inhibitory effects of purified methyl (S)-
flavogallonate, its isomer as well as of the unknown ellagitannin at Rt 15.08 min (Table S4 and Fig. 
1; A, B and C).    
We found that also the ethanol fraction (Fig. 1C) was more growth inhibitory than the 
crude methanol extract of the roots of T. brownii and gave a MIC value of 125µg/ml compared to 
5000 µg/ml for the crude methanol extract (Table 2). We found that this fraction was enriched 
especially in ellagic acid (14) (Table S4). Moreover, the isomer of methyl (S)-flavogallonate (5) 
was also found to be present in higher concentrations than in the acetone wash (Table S4, Fig. 1C). 
In addition the ethanol wash contained an acetylated ellagic acid derivative (18) and methyl ellagic 
acid xyloside (13), which were absent in the acetone wash (Table S4 and Fig. 1C). Some 
ellagitannins with long retention times of 28.3 (16), 28.9 (17) and 35.7 min (19) (two ET:s in one 
peak) were found in the ethanol fraction but were absent from the acetone fraction (Fig. 1, Table 
S4). On the other hand the unknown ellagitannin (10) at retention time 15.6 min was present in 
significantly smaller concentration (8.09% peak area) in the ethanol wash compared to the acetone 
wash (25.64% peak area) (Table S4, Fig. 1; B and C). It seems from our result that the acetone wash 
contains the optimal ratio of this ellagitannin (10) together with methyl (S)-flavogallonate (9) and 
its isomer (5), which are suggested to be important for strong antimycobacterial activity. The good 
growth inhibitory effects of the ethanol wash is instead suggested to be due to a combination of 
ellagitannins and ellagic acid derivatives.  
Ellagic acid derivatives have been found to give good growth inhibitory effects against M. 
tuberculosis and M. smegmatis: Kuete et al. (2010) found that 3,4′-di-O-methylellagic acid 3′-O-β-
D-xylopyranoside from the stem bark of T. superba inhibited the growth of M. smegmatis and a 
panel of M. tuberculosis strains with MIC values ranging from 4.88-39 µg/ml, and the MIC values 
were lower than those of isoniazid against some clinical strains of M. tuberculosis. In contrast to 
this result we found that ellagic acid gave a MIC of 500 µg/ml against M. smegmatis (Table 2). 
Therefore, it seems that ellagic acid should be combined with a sugar molecule and/or possess 
methyl groups to become more active. We suggest that the good growth inhibitory effects of the 
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ethanol fraction of the roots of T. brownii might be due to ellagic acid xyloside and methyl ellagic 
acid xyloside. Ellagic acid derivatives and ellagic acid itself have been found to bind to proteins and 
in this way inactivate microbial adhesions, membrane transport proteins and enzymes (Haslam, 
1996). Ellagic acid derivatives such as 3,3′-di-O-methylellagic acid is also known to interfere with 
the biosynthesis of mycolic acid, the main constituent of the mycobacterial cell wall (Kondo et al., 
1979). Ellagic acid derivatives are considered to be important models for the development of new 
future anti-TB drugs since molecular docking studies on the effects of ellagic acid derivatives on 
enzymes important to the mycobacterial cell wall biogenesis have revealed ellagic acid based 
molecules, such as pteleoellagic acid, with promising activities (Shilpi et al., 2015).  
Our results show that Terminalia brownii could be a good source of new ellagic acid 
derivatives and ellagitannins with antimycobacterial potential and more studies are warranted on the 
antimycobacterial activity of isolated ellagic acid derivatives and ellagitannins from this species.  
 
3.3. Growth inhibition of lipophilic extracts 
As shown in Table 1, the hexane extracts of the stem bark and stem wood and the 
dichloromethane extracts of the root of T. laxiflora and T. brownii demonstrate good growth 
inhibition against M. smegmatis, showing inhibition zones of 19.5-21.3 mm. This result supports 
the traditional uses of hot water decoctions of the stem bark and wood of T. brownii and T. laxiflora 
against cough (El Ghazali et al., 2003 and Mohieldin et al 2017), since decoctions also contain non-
polar compounds such as triterpenes and free fatty acids which we have found to be present in the 
hexane extracts of these species (Table 5, Fig. 2, 3 and S7). Here must be noted briefly, that the 
yields of extraction of hexane extracts of the stem bark and wood of both T. brownii and T. laxiflora 
is typically very low, compared to yields given by more polar solvents such as methanol (Fig. S8 a). 
Thus, it might be difficult to isolate antimycobacterial compounds from these extracts. In contrast to 
the hexane extracts of the stem bark and wood of T. laxiflora and T. brownii, we observed no 
growth inhibitory activity for the hexane extracts of the leaves of these species (Table 1).  
Our GC/MS analysis of the antimycobacterially active hexane extracts of the stem 
bark of T. laxiflora and T. brownii, resulted in the identification of thirty compounds, among which 
five triterpenes, three steroids, four long-chain fatty acids and three fatty alcohols were 
characterized (Table 5, Fig. 2 and 3). The similar qualitative composition might explain the 
similarities we have observed in antimycobacterial activities for the two hexane extracts of the stem 
bark of T. laxiflora and T. brownii, both giving a MIC value of 2500 µg/ml (Table 2, Fig. 2).  
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The following long-chain fatty acids were characterized for the first time in T. 
laxiflora and T. brownii and have to the best of our knowledge not previously been detected in the 
genus Terminalia (Table 5 and Fig. 2, 3 and S7); (1) 1,18-octadec-9-ene-dioate (C18:1), (2) 
tetracosanoic acid (syn. lignoceric acid) (C24:0), (3) hexacosanoic acid (syn. cerotic acid) (C26:0) 
and (5) octacosanoic acid (C28:0). Unsaturated fatty acids are known to possess antibacterial 
(Zheng et al., 2005) and antimycobacterial effects, such as linoleic acid, which gave a MIC of 2 
µg/ml against Mycobacterium aurum (Seidel and Taylor, 2004). The growth inhibitory activities of 
fatty acids have been found to vary with chain length and degree of unsaturation, so that chain 
lengths of 14 C-atoms seem to be optimal and a high degree of unsaturation renders fatty acids 
more active (Kondo and Kanai, 1977; Luo et al., 2011; Seidel and Taylor, 2004). The unsaturated 
fatty acid (1), containing one double bond, was present in high concentrations especially in T. 
brownii, but also in T. laxiflora (Table 5 and Fig. 2, 3 and S7) and is therefore suggested to account 
for some of the antimycobacterial effects we have seen in hexane extracts of these species. The 
other saturated fatty acids (2), (3) and (5) present in T. brownii and T. laxiflora are suggested to be 
less active accordingly. We tested the growth inhibitory activity of some saturated fatty acids, such 
as stearic (C18:0) and behenic acid (C22:0), which we have found to occur in chloroform and 
dichloromethane extracts of the stem bark of both Terminalia species and which we assume to be 
present in minute quantities also in the hexane extracts, and found that they did not give any growth 
inhibition at concentrations of 1000 µg/ml (Table 2). These fatty acids are also known to be present 
in other species of the genus Terminalia (de Gouveia Baratelli et al., 2012; Kim et al., 2006; Onial 
et al., 2014). Our results on behenic and stearic acid antimycobacterial activity supports earlier 
findings that saturated fatty acids with chain lengths shorter or longer than C14:0 are not 
antimycobacterial (Kondo and Kani, 1977; Seidel and Taylor, 2004).  
To the best of our knowledge research on fatty acids from native African Terminalia 
species is scanty, but there is a rich body of literature concerning fatty acid composition in 
Terminalia chebula seed oil (Janporn et al., 2015; Onial et al., 2014; Hosamami, 1994). No 
literature on the antimycobacterial effects of these fatty acids does exist, however. The amphiphilic 
architecture of fatty acids, consisting of a polar head group and flexible hydrophobic tail, make 
them an interesting group of antimycobacterial molecules, killing mycobacteria by inhibiting the 
biosynthesis of mycolic acid, an important constituent of the mycobacterial cell wall (Rugutt and 
Rugutt, 2012; Zheng et al., 2005). Therefore, further research on the antimycobacterial effects of 
fatty acids isolated from T. brownii and T. laxiflora are warranted. Owing to the almost certain 
presence of fatty acids in hot water decoctions of these species, the frequently used traditional 
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preparation of these plants, it would be important to test individual fatty acids in these decoctions 
for antibacterial and antimycobacterial potency.  
The fatty alcohols octacosanol (4), triacontanol (6) and dotriacontanol (10) were 
reported for the first time in the stem bark of T. laxiflora and T. brownii (Table 5 and Fig. 2, 3 and 
S7). Octacosanol (4) and triacontanol (6) occurred in higher concentrations in T. laxiflora than in T. 
brownii (Table 5 and Fig. 2). We investigated the growth inhibitory effects of pure triacontanol 
which gave a MIC value of 250 µg/ml against M. smegmatis (Table 2). Although the stem bark of 
T. laxiflora contained a higher concentration of triacontanol than the stem bark of T. brownii, the n-
hexane extracts of both species gave the same MIC value of 2500 µg/ml against M. smegmatis. This 
means that the precise concentration of triacontanol might not be critical for the antimycobacterial 
activity of these extracts, but maybe merely the presence of this compound, in order to contribute to 
the overall activity of the extracts. Also, it must be emphasized here, that two different methods, the 
microplate dilution and the agar diffusion were used for the pure compounds and extract, 
respectively, thus explaining the high relative differences in the MIC values. Some plant derived 
fatty alcohols are known to give potent antimycobacterial effects, such as phytol, which gave a MIC 
value of 2 µg/ml against M. tuberculosis H37Rv (Rugutt and Rugutt, 2012).  
We characterized β-sitosterol (7), stigmast-4-en-3-one (sitostenone) (9) and 5α-
stigmastan-3,6-dione (13) from the hexane extracts of the stem bark of T. laxiflora and T. brownii, 
by comparison of their mass spectra with Wiley Natural Library and standard compounds (Table 5 
and Fig. 3; f, h and i). To the best of our knowledge 5α-stigmastan-3,6-dione (13) has not been 
previously found in the genus Terminalia and moreover, antimycobacterial potency of this 
compound has not been elucidated. β-sitosterol was present in significantly higher concentrations in 
T. brownii when compared to T. laxiflora (Table 5 and Fig. 2). We found that β-sitosterol as well as 
the chemically closely related stigmasterol, the later of which we have found in the leaves of T. 
brownii and T. laxiflora, both gave a MIC of 500 µg/ml against M. smegmatis (Table 2). β-sitosterol 
from hexane extracts of Morinda citrifolia showed anti-tubercular activity with a MIC of 128 
μg/mL against M. tuberculosis H37Rv (Saludes et al., 2002). These differences in MIC might be 
explained by the uses of different mycobacterial strains, M. tuberculosis H37Rv being more 
sensitive than M. smegmatis against some antimycobacterial agents (Zhang et al., 2003). A recent 
study by Edilu et al. (2015), demonstrated large inhibition zones of β-sitosterol isolated from 
Caylusea absyssinica (Resedaceae) against a wide range of bacteria, among them Salmonella 
typhimurium and Pseudomonas aeruginosa. 
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Earlier, β-sitosterol has been found in the root bark of T. laxiflora (Ekong and 
Idemudia, 1967) and stem bark of T. brownii (Machumi et al., 2013; Opiyo et al., 2011), and in the 
fruit of Terminalia glaucescens, T. ivorensis, T. chebula and T. phanerophlebia (Bulama et al., 
2015; Bag et al., 2013; Nair et al., 2012; King et al., 1955). Recently, stigmasterol has been 
discovered in Terminalia mantaly (Tchuenmogne et al., 2017). Moreover, β-sitosterol and 
sitostenone have been described in the stem bark of Terminalia sericea (Nkobole et al., 2011). 
Sitostenone from Rhizoctonia solani gave antibacterial activity with half maximal inhibitory 
concentration (IC50) of 109.9 μg/mL against Pseudomonas lachrymas (Liang et al., 2015).  
According to the mass fragmentation pattern and comparing to the Wiley Natural 
Library, standard compounds and to Goad and Akihisa (1997) and Assimopoulou and Papageorgiou 
(2005), a total of five triterpenes were characterized from the hexane extracts of the stem bark of T. 
brownii and T. laxiflora (Table 5 and Fig. 2, 3g and S7); β-amyrine (8),  friedelin (syn; friedelin-3-
one, friedelanone) (11),  betulinic acid (12) and two oleanane-type triterpenoids (14) and (15). 
Friedelin was quantitatively the main compound in hexane extracts of both Terminalia species 
(Table 5 and Fig.2, 3g and S7). There are no previous reports on the occurrence of friedelin in T. 
brownii and T. laxiflora. Friedelin has been found in various parts of other species of Terminalia, 
such as the stem bark of Terminalia mollis (Liu et al., 2009) and the trunk bark of T. glabrescens 
(Garcez et al., 2003). Friedelin, isolated from the root bark of Terminalia avicennioides, gave a 
MIC of 4.9 μg/ml against the Bacillus Calmette Guerin tuberculosis vaccine, consisting of 
weakened Mycobacterium bovis (Mann et al., 2008; Mann et al., 2011). In another investigation 
friedelin gave a MIC of 128 µg/ml against M. tuberculosis (Higuchi et al., 2008b). In our screening, 
however, we found that friedelin only moderately inhibited the growth of M. smegmatis with a MIC 
of 250 µg/ml (Table 2) and this rather high MIC might again be due to M. smegmatis being 
relatively resistant in comparison to M. tuberculosis and M. bovis. This would, in general, apply to 
that a low MIC against M. smegmatis would result in even a lower MIC against M. tuberculosis. 
Besides, friedelin has been found to give broad spectrum antibacterial effects against both gram-
positive and gram-negative bacteria with MIC values ranging from 2.44 -78.12 µg/ml (Kuete et al., 
2007; Wang et al., 2014). We suggest that friedelin might contribute significantly to the 
antimycobacterial effects of the hexane extracts of T. brownii and T. laxiflora.  
β-amyrine (8) has been identified in other Terminalia species, such as T. ivorensis 
(King et al., 1955) and T. glaucescens (Atta-ur-Rahman et al., 2002). β-amyrine, isolated from a 
chloroform fraction of the leaves of Byrsonima fagifolia gave potent antitubercular activity with a 
MIC of 31.5 μg/mL
 
against M. tuberculosis H37Rv (Higuchi et al., 2008a). Therefore, even though 
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β-amyrine is present only in small quantities in the hexane extracts of the stem bark of T. brownii 
and T. laxiflora (Fig. 2, S7), this triterpene could still contribute to the good overall 
antimycobacterial effect of these extracts.  
We found that betulinic acid (12) was present in minute quantities in T. laxiflora and 
T. brownii (Fig. 2). Betulinic acid has previously been described in the stem bark of T. brownii and 
was found to inhibit the growth of Streptomyces ipomaea (Opiyo et al., 2011). To the best of our 
knowledge, this is the first report on the occurrence of betulinic acid in T. laxiflora. Betulinic acid is 
also known from the barks of Terminalia catappa (Pertuit et al., 2015) and was found to give some 
growth inhibition against M. tuberculosis with a MIC of 400 µg/ml and an IC50 of 84μg/ml (Li et 
al., 2015). Therefore, betulinic acid might contribute to the antimycobacterial activity of the hexane 
stem bark extracts of T. laxiflora and T. brownii.   
Lastly, we found two oleanane-type triterpenes (14 and 15) in the hexane extracts of 
the stem bark of T. brownii and T. laxiflora (Table 5 and Fig. 2). To the best of our knowledge 
oleanane-type triterpenoids have not been reported before in T. laxiflora. However, a recent study 
by Machumi et al. (2013), has reported on the occurrence of an oleanane-type triterpenoid in the 
stem bark of T. brownii. In addition, several authors have reported on oleanane-type triterpenoids in 
other Terminalia species (Elsayed et al., 2015; Zhang et al., 2015; Aiyelaagbe et al., 2014; Kakoli et 
al., 2005; Garcez et al., 2003; Anjaneyulu et al., 1986). Oleanolic acid from Lantana hispida 
inhibited the growth of M. tuberculosis with a MIC of 25 µg/ml (Jesus et al., 2015). Oleanane-type 
triterpenoids were found to affect peptidoglycan metabolism in Listeria monocytogenes (Kurek et 
al., (2010). Morover, oleanane-type triterpenes have been found to suppress enzymatic function in 
the mycobacterial cell and to increase free radical molecules (Podder et al., 2015 and López-García 
et al., 2015). Generally, lipophilic terpenoids affect the membrane function (Aleksic and Knezevic, 
2014; Mochizuki and Hasegawa, 2006). Therefore, the two oleanane-type triterpenes (14 and 15) 
we have found in T. brownii and T. laxiflora should be investigated for their cell wall synthesis 
inhibiting and membrane affecting properties in mycobacterial species. Peptidoglycan is a highly 
interesting target for new antimicrobials. 
 4. Conclusions 
We hereby report on the chemical structures of forty-five compounds from the stem 
bark, stem wood and the roots of T. laxiflora and T. brownii. Ellagitannins, ellagic acid and its 
derivatives as well as fatty acids, fatty alcohols, steroids and triterpenes present in extracts of these 
species could have potential as antimycobacterial leads and TB drug adjuvants. Our results support 
the traditional uses of T. brownii and T. laxiflora as decoctions for treatment of tuberculosis and 
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cough. Therefore, further research is needed on optimization and standardization of the 
phytochemical composition of extracts of the studied species for more effective and safer use in 
traditional medicine.  
 
Conflict of interest 
The authors have no conflict of interest to proclaim. 
 
Appendix A. Supplementary materials 
 
Acknowledgments 
The first author would like to declare her deepest appreciation to the traditional 
healers in Ed Damazin locality, Sudan and to the Forest National Corporation in Khartoum and 
Blue Nile state, Sudan, for their unlimited support during the field work. Financial support from 
University of Khartoum, Sudan, Ella and Georg Ehrnrooth Foundation (Finland) and Viikki 
Tropical Resources Institute (VITRI), Finland are greatly acknowledged by the first author. The last 
author would like to acknowledge the financial support from Magnus Ehrnrooth foundation and 
Finnish Medical Association. The first and last authors gratefully acknowledge the services, 
equipment, instruments and facilities provided by the Faculty of Pharmacy, Division of 
Pharmaceutical Biosciences, Faculty of Agriculture and Forestry, Department of Applied Chemistry 
and Microbiology, University of Helsinki and to the Department of Environmental and Biological 




Abd alla, A., Ishak, C.Y., Ayoub, S.M.H., 2013. Antimicrobial activity of four medicinal plants 
used in Sudanese traditional medicine. J. Forest Prod. & Industries 2 (1), 29–33. 
 
Abuhammad, A., Fullam, E., Lowe, E.D., Staunton, D., Kawamura, A., Westwood, I.M., Bhakta, 
S., Garner, A.C., Wilson, D.L., Seden, P.T., Davies, S.G., Russel, A.J., Garman, E.F., Sim, 
E., 2012. Piperidinols That Show Anti-Tubercular Activity as Inhibitors of Arylamine N-
Acetyltransferase: An Essential Enzyme for Mycobacterial Survival Inside Macrophages. 




Aiyelaagbe, O., Olaoluwa, O., Oladosu, I., Gibbons, S., 2014. A New Triterpenoid from Terminalia 
glaucescens (Planch. ex Benth.). Rec. Nat. Prod. 8 (1), 7–11. 
 
Aleksic, V., Petar, K., 2014. Antimicrobial and antioxidative activity of extracts and essential oils 
of Myrtus communis L. Microbiol. Res. 169 (4), 240–254. 
 
Anjaneyulu, A.S.R., Reddy, A.V.R., Mallavarapu, G.R., Chandrasekhara, R.S., 1986. 3-
acetylmaslinic acid from the root bark of Terminalia alata. Phytochemistry. 25(11), 2670–
2671. 
 
Anokwuru, C.P., Sinisi, A., Samie, A., Taglialatela-Scafati, O., 2015. Antibacterial and antioxidant 
constituents of Acalypha wilkesiana. Nat. Prod. Res. 29(12), 1180–1183. 
 
Asres, K., Bucar, F., Edelsbrunner, S., Kartnig, T., Höger, G., Thiel, W., 2001. Investigations on 
antimycobacterial activity of some Ethiopian medicinal plants. Phytother. Res. 15, 323–
326. 
 
Assimopoulou, A.N., Papageorgiou, V.P., 2005. GC-MS analysis of penta- and tetra-cyclic 
triterpenes from resins of Pistacia species. Part I. Pistacia lentiscus var. Chia. Biomed. 
Chromatogr. 19 (4), 285–311. 
 
Atta-ur-Rahman, Zareen, S., Choudhary, M. I., Ngounou, F.N., Yasin, A., Parvez, M., 2002. 
Terminalin A, a novel triterpenoid from Terminalia glaucescens. Tetrahedron Lett. 43 
(35), 6233–6236. 
 
Bag, A., Bhattacharyya, K.S., Chattopadhyay, R.R., 2013. The development of Terminalia chebula 
Retz. (Combretaceae) in clinical research. Asian Pac. J. Trop. Biomed. 3(3), 244–252. 
 
Balmer, D., Mauch-Mani, B., 2013. More beneath the surface? Root versus shoot antifungal 
defenses. Front. Plant Sci. 4 (256), 1–3.  
 
Brenton, A.G., Godfrey, A.R., 2010. Accurate Mass Measurement: Terminology and Treatment of 




Bulama, J.S, Dangoggo, S.M., Mathias, S.N., 2015. Isolation and Characterization of Beta-
Sitosterol from ethyl acetate extract of root bark of Terminalia glaucescens. Inter. J. Sci. 
Res. Pub.  5 (3), 1–3. ISSN 2250-3153. www.ijsrp.org.  
 
Burapadaja, S., Bunchoo, A., 1995. Antimicrobial activity of tannins from Terminalia citrina. 
Planta Med. 61 (4), 365–366. 
 
Burkil, H.M., 1994. The useful plants of west tropical Africa. Edition 2, Vol. 2. Families E-I. Royal 
Botanic Gardens, Kew, United Kingdom. 636 pp.  
 
Clinical Laboratory Standards Institute, 2013. Performance Standards for Antimicrobial 
Susceptibility Testing; Twenty-Third Informational Supplement; CLSI: Wayne, PA, USA, 
pp. 1–206. 
 
Conrad, J., Vogler, B., Reeb, S., Klaiber, I., Papajewski, S., Roos, G., Vasquiez, E., Setzer, M.C., 
Karaus, W., 2001. Isoterchebulin and 4,6-O-isoterchebuloyl-D-glucose, novel hydrolysable 
tannins from Terminalia macroptera. J. Nat. Prod. 64, 294–299. 
 
Courtney, R., Sidaarta, J., Matthews, B., Cock, I.E., 2015. Tannin components and inhibitory 
activity of Kakadu plum leaf extracts against microbial triggers of autoimmune 
inflammatory diseases. Pharmacognosy J. 7 (1), 18–31.  
 
Dambolena, J.S., Zygadlo, J.A., Rubinstein, H.R., 2011. Antifumonisin activity of natural phenolic 
compounds. A structure-property-activity relationship study. Int. J. Food Microbiol. 145, 
140–146. 
 
Dashti, Y., Grkovic, T., Quinn, R. J., 2014. Predicting natural product value, an exploration of anti-
TB drug space. Nat. Prod. Rep. 31(8), 990–998. 
 
De Freitas Araujo, M.G., Hilario, F., Vilegas, W., Dos Santos, L.C., Brunetti, I.L., Sotomayor, C.E., 
Bauab, T.M., 2012. Correlation among Antioxidant, Antimicrobial, Hemolytic, and 
28 
 
Antiproliferative Properties of Leiothrix spiralis Leaves Extract. Int. J. Mol. Sci. 13, 9260–
9277.  
 
De Gouveia Baretelli, T., Candido Gomes, A.C., Wessjohann, L.A., Machado Kuster, R., Kato 
Simas, N., 2012.  Phytochemical and allelopathic studies of Terminalia catappa L. 
(Combretaceae). Biochem. Syst. Ecol. 41, 119–125 
 
Doig, J.A., Williams, D.H., Oelrichs, P.B., Baczynskyj, L., 1990. Isolation and structure   
elucidation of punicalagin, a toxic hydrolysable tannin, from Terminalia oblongata. J. 
Chem. Soc. Perkin Trans 1. 8, 2317–2321, DOI. 10.1039/P19900002317. 
 
Edilu, A., Adane, L., Woyessa, D., 2015. In vitro antibacterial activities of compounds isolated 
from roots of Caylusea abyssinica. Ann Clin Microbiol. Antimicrob. 14, (15) Pp 1–8. DOI: 
10.1186/s12941-015-0072-6. 
 
Ekong, D.E.U., Idemudia, O.G., 1967. Constituents of some West African members of the genus 
Terminalia. J. Chem. Soc. C: Org. Chem. 863–864. 
 
El Ghazali, G.B., Abdalla, W.E., Khalid, H.E., Khalafalla, M.M., Hamad, A.A., 2003. Medicinal 
plants of the Sudan. Part V. Medicinal Plants of Ingassana area. Sudan Currency Printing 
press, Khartoum, Sudan. 
 
El Ghazali, G.B., El Tohami, M.S., El Egami, A.B., Abdalla,W.S.,Mohammed, M.G., 1997. 
Medicinal Plants of the Sudan. Part IV. Medicinal Plants of Northern Kordofan. 
Omdurman Islamic University Press, Khartoum, Sudan. 
 
Elsayed, H.E., Akl, M.R., Ebrahim, H.Y., Sallam, A.A., Haggag, E.G., Kamal, A.M., El Sayed, 
K.A., 2015. Discovery, Optimization, and Pharmacophore modeling of oleanane-type 
triterpenoid and analogues as breast cancer cell migration and invasion inhibitors through 





Fasola, T.R., Oluwole, M.E., Olaniyi, I.F., Adeboye, I.E., 2013. The phytochemical and 
antimicrobial activities of Terminalia laxiflora Engl. & Diels root bark extract. Nat. Sci. 
11, 122–127. 
 
Foyet H.S., Nana, P., 2013: Terminalia laxiflora. In: Schmelzer, G., Gurib-Fakim, A., (Eds.), Plant 
Resources of Tropical Africa 11 (2). Medicinal Plants 2. Wageningen, Netherlands, pp. 
248–249. 
 
Funatogawa, K., Hayashi, S., Shimomura, H., Yoshida, T., Hatano, T., Ito, H., Hirai, Y., 2004. 
Antibacterial activity of hydrolyzable tannins derived from medicinal plants against 
Helicobacter pylori. Microbiol. Immunol. 48, 251–261. 
 
Fyhrquist, P., Laakso, I., Marco, S.G., Julkunen-Tiitto, R., Hiltunen, R., 2014. Antimycobacterial 
activity of ellagitannin and ellagic acid derivate rich crude extracts and fractions of five 
selected species of Terminalia used for treatment of infectious diseases in African 
traditional medicine. S. Afr. J. Bot. 90, 1–16. 
 
Garcez, F.R., Garcez, W.S., Miguel, D.L.S., Serea, A.A.T., Prado, F.C., 2003. Chemical 
Constituents from Terminalia glabrescens. J. Braz. Chem. Soc. 14 (3), 461–465. 
 
Goad, L.J., Akihisa, T., 1997. Mass Spectrometry of Sterols. Analysis of Sterols first edition. 
Blackie Academic & Professional, Chapman & Hall. London, United Kigdom.  
 
Green, E., Samie, A., Obi, C.L., Bessong, P.O., Ndip, R. N., 2010. Inhibitory properties of selected 
South African medicinal plants against Mycobacterium tuberculosis. J. Ethnopharmacol. 
130 (1), 151–157. 
 
Hagerman, E. A., 2002. Tannin handbook. Miami University Oxford, USA. 
 
Haslam, E., 1996. Natural polyphenols (vegetable tannins) as drugs: possible modes of action. J. 
Nat. Prod. 59, 205–215. 
 
Higuchi, C.T., Pavan, F.R., Leite, C.Q.F., Sannomiya, M., Vilegas, W., Leite, S.R.D.A.,  
30 
 
Sacramento, L. V.S., Sato, D.N., 2008b. Triterpenes and antitubercular activity of 
Byrsonima crassa. Química nova. 31 (7), 1719–1721 
 
Higuchi, C.T., Sannomiya, M., Pavan, F.R., Leite, S.R.A., Sato, D.N., Franzblau, S.G., Sacramento, 
L.V.S, Vilegas, W., Leite C.Q.F., 2008a. Byrsonima fagifolia Niedenzu Apolar 
Compounds with Antitubercular Activity. J. Evid. Based Complementary Altern. Med. 
2011, Article ID 128349, 5 pages. DOI:10.1093/ecam/nen077. 
 
Hosamami, K.M., 1994. Terminalia chebula seed oil- A Minor Source of 12-Hydroxyoctadec-cis-9-
enoic Acid. Natural Products as a Source for the Food and Agricultural Industries. J. Sci. 
Food Agric. 64 (3), 275–277.    
 
Janporn, S., Ho, C.-T., Chavasit, V., Pan, M.-H., Chittrakorn, S., Ruttarattanamongkol, K., 
Weeravatankorn, M., 2015. Physicochemical properties of Terminalia catappa seed oil as 
a novel dietary lipid source. J. Food Drug Anal. 23, 201–209. 
 
Jesus, J.A., Lago, J.H.G., Laurenti, M.D., Yamamoto, E.S., Passero, L.F.D., 2015. Antimicrobial 
activity of oleanolic and ursolic acids: an update. J. Evid. Based Complementary Altern. 
Med. Vol 2015, Article ID 620472, 14 pages. 
 
Kakoli, M., Biswas, M.N., Som, U.K., Das, S., 2005. Chemical constituents of the bark of 
Terminalia myriocarpa. J. Indian Chem. Soc. 82, 673–674.  ISSN 0019-4522. 
 
King, F.E, King, T.J., Ross, J.M., 1955. The chemistry of extractives from hardwoods. Part XXIII. 
The isolation of a new triterpene (terminolic acid) from Terminalia ivorensis. J. Chem. Soc 
(Resumed). 1333–1337. Doi: 10.1039/JR9550001333  
 
Kim, H.G., Cho, J.H., Jeong, E.Y., Lim, J.H., Lee, S.H., Lee, H.S., 2006. Growth-Inhibiting 
Activity of Active Component Isolated from Terminalia chebula Fruits against Intestinal 
Bacteria. J. Food Protect. 69 (9), 2205–2209 
 
Kondo, E., Kanai, K., 1977. The relationship between the chemical structure of fatty acids and their 




Kondo Y., Toida T., Kusano G., Imai J., 1979. Specific inhibition of formation of acid fastness in 
mycobacteria by 3,3′-di-O-methylellagic acid. Experientia. 35(5), 599–600. 
 
Kuete, V., Nguemeving, J.R., Benga, V.P., Azebaze, A.G.B., Etoa, F.-X., Meyer, M., Bodo, B., 
Nkengfack, A.E., 2007. Antimicrobial activity of the methanolic extracts and compounds 
from Vismia laurentii De Wild (Guttiferae). J. Ethnopharmcol. 109, 372–379. 
 
Kuete, V., Tabopda, T.K., Ngameni, B., Nana, F., Tshikalange, T.E., Ngadjui, B.T., 2010. 
Antimycobacterial, antibacterial and antifungal activities of Terminalia superba 
(Combretaceae). S. Afr. J. Bot. 76, 125–131. 
 
Kurek, A., Grudniak, A.M, Szwed, M., Klicka, A., Samluk, L., Wolska, K.I., Janiszowska, 
W., Popowska, M., 2010. Oleanolic acid and ursolic acid affect peptidoglycan metabolism 
in Listeria monocytogenes. Antonie Van Leeuwenhoek. 97(1), 61–68. DOI: 
10.1007/s10482-009-9388-6.  
 
Liang, X., Xiao-han, W., Rui-ya, L., Shi-qiong, L., Ze-jian, G., Ming-an, W., Yang, L., Li-gang, Z., 
2015. Secondary metabolites of rice sheath blight pathogen Rhizoctonia solani Kühn and 
their biological activities. J. Integr. Agri. 14(1), 80–87.  
 
Li, H., Webster, D., Johnson, J.A., Gray, C.A., 2015. Anti-mycobacterial triterpenes from the 
Canadian medicinal plant Alnus incana. J. Ethnopharmcol. 165, 148–151. 
 
Liu, M., Katerere, D.R., Gray, A.I., Seidel, V., 2009. Phytochemical and antifungal studies on 
Terminalia mollis and Terminalia brachystemma. Fitoterapia. 80(6), 369–73. DOI: 
10.1016/j.fitote.2009.05.006.  
 
López-García, S., Castañeda-Sanchez, J.I., Jiménez-Arellanes, A., Domínguez-López, L., Castro-
Mussot, M.E., Hernández-Sanchéz, J., Luna-Herrera, J., 2015. Macrophage Activation by 





Luo, X., Pires, D., Aínsa, A.J., Gracia, B., Mulhovo, S., Duarte, A., Anes, E., Ferreira, M-J.U., 
2011. Antimycobacterial evaluation and preliminary phytochemical investigation of 
selected medicinal plants traditionally used in Mozambique. J. Ethnopharmacol. 137, 114–
120. 
 
Machumi, F., Midiwo, J.O., Jacob, M.R., Khan, S.I., Tekwani, B.L., Zhang, J., Walker, L. A., 
Muhammad, I., 2013. Phytochemical, Antimicrobial and Antiplasmodial Investigations of 
Terminalia brownii. Nat. Prod. Commun. 8(6), 761–764.  
 
Mann, A., Amupitan, J.O., Oyewale, A.O., Okogun, J.I., Ibrahim, K., Oladosu, P., Lawson, L., 
Olajide, I., Nnamdi, A., 2008. Evaluation of in vitro antimycobacterial activity of Nigerian 
plants used for treatment of respiratory diseases. Afr. J. Biotech. 7 (11), 1630–1636.  
  
Mann, A., Ibrahim, K., Oyewale, A.O., Amupitan, J.O., Fatope, M.O., Okogun, J.I., 2011. 
Antimycobacterial Friedelin-Terpenoid from the root bark of Terminalia avicennioides. 
Am. J. Chem. 1 (2), 52–55. 
 
Manosroi, A., Jantrawut, P., Ogihara, E., Yamamoto, A., Fukatsu, M., Yasukawa, K., Tokuda, H., 
Suzuki, N., Manosroi, J., Akihisa, T., 2013. Biological Activities of Phenolic Compounds 
and Triterpenoids from the Galls of Terminalia chebula. Chem. Biodiverse. 10, 1448–
1463. 
 
Marrakchi, H., Lanéelle, M-A., Daffé, M., 2014. Mycolic Acids: Structures, Biosynthesis, and 
Beyond. Chem. Biol. 21, 67–85.  
 
Marzouk, M.S., El-Toumy, S.A., Moharram, F.A., Shalaby, N.M., Ahmed, A.A., 2002. 
Pharmacologically active ellagitannins from Terminalia myriocarpa. Planta Med. 68(6), 
523–527. 
 
Mbwambo, Z.H., Moshi,M.J., Masimba, P.J., Kapingu,M.C., Nondo, R.S., 2007. Antimicrobial 
activity and brine shrimp toxicity of extracts of Terminalia brownii roots and stem. BMC 




Mochizuki, M., Hasegawa, N., 2006. Acceleration of lipid degradation by sericoside of Terminalia 
sericea roots in fully differentiated 3T3-L1 cells. Phytother. Res. 20(11), 1020–1021. 
 
Mohieldin, E.A.M., Muddathir, A.M., Mitsunaga, T., 2017. Inhibitory activities of selected 
Sudanese medicinal plants on Porphyromonas gingivalis and matrix metalloproteinase-9 
and isolation of bioactive compounds from Combretum hartmannianum (Schweinf) bark. 
BMC Comp. Altern. Med. 17 (224). DOI: 10.1186/s12906-017-1735-y 
 
Mosango, D.M., 2013. Terminalia brownii. In: Schmelzer, G., Gurib-Fakim, A. (Eds.), Plant 
Resources of Tropical Africa 11 (2), Medicinal Plants 2. PROTA foundation /CTA, 
Wageningen, Netherlands, pp. 245–248. 
 
Muddathir, A.M., Mitsunaga, T., 2013. Evaluation of anti-acne activity of selected 
Sudanese medicinal plants. J. Wood Sci. 59, 73–79. 
 
Muddathir, A.M., Yamauchi, K., Mitsunaga, T., 2013. Anti-acne activity of tannin-related 
compounds isolated from Terminalia laxiflora. J. Wood Sci. 59, 426–431. 
 
Musa, M.S., Abdelrasool, F.E., Elsheikh, E.A., Ahmed, L.A., Mahmoud, A.E., Yagi, S.M., 2011. 
Ethnobotanical study of medicinal plants in Blue Nile state, south-eastern Sudan. J. Med. 
Plants Res. 5, 4287–4297. 
 
Münger, L.H., Jutzi, S., Lampi, A.-M., Nyström, L., 2015. Comparison of Enzymatic Hydrolysis 
and Acid Hydrolysis of Sterol Glycosides from Foods Rich in Δ7-Sterols. Lipids 50 (8), 
735–748. 
 
Nair, J.J., Aremu, A.O., Van Staden, J., 2012. Anti-inflammatory effects of Terminalia 
phanerophlebia (Combretaceae) and identification of the active constituent principles. S. 
Afr. J. Bot. 81, 79–80. DOI: 10.1016/j.sajb.2012.06.001. 
 
Negishi, H., Maoka, T., Njelekela, M., Yasui, N., Juman, S., Mtabaji, J., Miki, T., Nara, Y., 
Yamori, Y., Ikeda, K., 2011. New chromone derivative terminalianone from African plant 
34 
 
Terminalia brownii Fresen (Combretaceae) in Tanzania. J. Asian Nat. Prod. Res. 13, 281–
283. 
 
Newton, S.M., Lau, C., Gurcha, S.S., Besra, G.S., Wright, C.W., 2002. The evaluation of forty-
three plant species for in vitro antimycobacterial activities; isolation of active constituents 
from Psoralea corylifolia and Sanguinaria canadensis. J. Ethnopharmacol. 79, 57–67. 
 
Nkobole-Nolitha., Houghton, P.J., Hussein, A., Lall, N., 2011. Antidiabetic activity of Terminalia 
sericea Burch. Ex DC constituents. Nat. Prod. Commun. 6 (0). 
 
Nvau, J.B., Oladosu, P.O., Orishadipe, A.T., 2011. Antimycobacterial evaluation of some medicinal 
plants used in plateau State of Nigeria for the treatment of tuberculosis. Agric. Biol. J. 
North Am. 2 (9), 1270–1272. 
 
Onial, P., Rawat, M.S.M., Dayal, R., 2014. Chemical Studies of Fatty Oil of Terminalia chebula 
Seeds Kernels. Anal. Chem. Lett. 4 (5-6), 359–363. 
 
Opiyo, S.A., Manguro, L.O.A., Owuor. P.O., Ochieng, C.O., Ateka E.M., Lemmen, P., 
Antimicrobial Compounds from Terminalia brownii against Sweet Potato Pathogens. 
2011. Nat. Prod. J. 1, 116–120. 
 
Pertuit, D., Mitaine-Offer, AC., Miyamoto, T., Tanaka, C., Delemasure, S., Dutartre, P., Lacaille-
Dubois, M.A., 2015. A New Aromatic Compound from the Stem Bark of Terminalia 
catappa. Nat. Prod. Commun. 10(6), 1005–1007. 
 
Pfundstein, B., EL Desouky, S.K., Hull, W.E., Haubner, R., Erben, G., Owen, R.W., 2010. 
Polyphenolic compounds in the fruits of Egyptian medicinal plants (Terminalia bellerica, 
Terminalia chebula and Terminalia horrida): Characterization, quantitation and 
determination of antioxidant capacities. Phytochemistry. 71, 1132–1148. 
 
Podder, B., Jang, W.S., Nam, K.-W., Lee, B.-E., Song, H.-Y., 2015. Ursolic acid activates 
intracellular killing effect of macrophages during Mycobacterium tuberculosis infection. J. 




Rashed, Khaled, Norhaizan Mohd Esa, and Salmiah Ismail. 2016. Anti-Cancer Activity of Three 
Terminalia Species and Preliminary Phytochemical Screening. Jordan J. Pharm. Sci. 9 (3), 
175-180.  
 
Rugutt, J.K., Rugutt, K.J., 2012. Antimycobacterial activity of steroids, long-chain alcohols and 
lytic peptides. Nat. Prod. Res. 26 (11), 1004–1011. 
 
Sala, A., Bordes, P., Genevaux. P., 2014. Multiple Toxin-Antitoxin Systems in Mycobacterium 
tuberculosis. Toxins, 6, 1002–1020. DOI: 10.3390/toxins6031002. 
 
Saleem, A., Husheem, M., Härkönen, P., Pihlaja, K., 2002. Inhibition of cancer cell growth by 
crude extract and the phenolics of Terminalia chebula retz. fruit. J. Ethnopharmacol. 81, 
327–336. 
 
Salih, E.Y.A., Kanninen, M., Sipi, M., Luukkanen, O., Hiltunen, R., Vuorela, H., Julkunen-Tiitto, 
R., Fyhrquist, P., 2017: Tannins, flavonoids and stilbenes in extracts of African savanna 
woodland trees Terminalia brownii, Terminalia laxiflora and Anogeissus leiocarpus 
showing promising antibacterial potential.  S. Afr. J. Bot. 108, 370–386. 
 
Saludes J.P., Garson, M.J., Franzblau, S.G, Aguinaldo, A.M., 2002. Antitubercular constituents 
from the hexane fraction of Morinda citrifolia Linn. (Rubiaceae). Phytother. Res. 16 (7), 
683–685. 
 
Santhosh, R.S., Suriyanarayanan, B., 2014. Plants: a source for new antimycobacterial drugs. Planta 
Med. 80 (01), 9–21. 
 
Seidel, V., Taylor, P.W., 2004. In vitro activity of extracts and constituents of Pelagonium against 
rapidly growing mycobacteria. Int. J. Antimicrob. Ag. 23, 613–619 
 
Shilpi, J.A., Ali, M.T., Saha, S., Hasan, S., Gray, A.I., Seidel, V., 2015. Molecular docking studies 
on InhA, MabA and PanK enzymes from Mycobacterium tuberculosis of ellagic acid 
36 
 
derivatives from Ludwigia adscendens and Trewia nudiflora. In Silico Pharmacol. 3 (10), 
1–7. 
 
Shimamura, Y., Aoki, N., Sugiyama, Y., Tanaka, T., Murata, M., Masuda, S., 2016. Plant-Derived 
Polyphenols Interact with Staphylococcal Enterotoxin A and Inhibit Toxin Activity. PLOS 
ONE. 7, 1–13.  
 
Shimizu, M., Shiota, S., Mizushima, T., Ito, H., Hatano, T., Yoshida, T., Tsuchiya, T., 2001. 
Marked potentiation of activity of β-lactams against methicillin-resistant Staphylococcus 
aureus by corilagin. Antimicrob. Agents Ch. 45, 3198–3201. 
 
Shimozu, Y., Kimura, Y., Esumi, A., Aoyama, H., Kuroda, T., Sakagami, H., Hatano, T., 2017. 
Ellagitannins of Davidia involucrata. I. Structure of Davicratinic Acid A and Effects of 
Davidia Tannins on Drug-Resistant Bacteria and Human Oral Squamous Cell Carcinomas. 
Molecules 22 (470), 1–9.  
 
Schrader, K.K., Cantrell, C.L., Midiwo, J.O., Muhammad, I., 2016. Compounds from Terminalia 
brownii Extracts with Toxicity against the Fish Pathogenic Bacterium Flavobacterium 
columnare. Nat. Prod. Commun. 11 (11), 1679–1682. 
 
Stapleton, P.D., Taylor, P.W., 2002. Methicillin resistance in Staphylococcus aureus: mechanisms 
and modulation. Sci. Prog. 85(1), 57–72. 
 
Taguri, T., Tanaka, T., Kouno, I., 2006. Antibacterial spectrum of plant polyphenols and extracts 
depending upon hydroxyphenyl structure. Biol. Pharm. Bull. 29 (11), 2226–2235. 
 
Taguri, T., Tanaka, T., Kouno, I., 2004. Antimicrobial Activity of 10 Different Plant Polyphenols 
against Bacteria Causing Food-Borne Disease. Biol. Pharm. Bull. 27 (12), 1965–1969. 
 
Tchuenmogne, M.A.T., Kammalac, T.N., Gohlke, S., Kouipou, R.M.T., Aslan, A., Kuzu, M., 
Comakli, V., Demirdag, R., Ngouela, S.A., Tsamo, E., Sewald, N., Lenta, B.N., Boyom, 
F.F., 2017. Compounds from Terminalia mantaly L. (Combretaceae) Stem Bark Exhibit 
37 
 
Potent Inhibition against Some Pathogenic Yeasts and Enzymes of Metabolic Significance. 
Medicine 4(1), 6. 
 
Todorovic, V., Milenkovic, M., Vidovic, B., Todorovic, Z., Sobajic, S., 2017. Correlation between 
Antimicrobial, Antioxidant Activity, and Polyphenols of Alkalized/Nonalkalized Cocoa 
Powders. J. Food Sci. 82(4), 1020–1027. 
 
Toussirot, M., Nowik, W., Hnawia, E., Lebouvier, N., Hay, A.-E., De la Sayette, A., Dijoux-Franca, 
M.-G., Cardon, D., Nour, M., 2014. Dyeing properties, coloring compounds and 
antioxidant activity of Hubera nitidissima (Dunal) Chaowasku (Annonaceae). Dyes 
Pigments 102, 278–284. 
 
Wang, S.-G., You, S.-L., 2014. Hydrogenative Dearomatization of Pyridine and an Asymmetric 
Aza‐Friedel–Crafts Alkylation Sequence. Angew. Chem. Int. Edit. 53(8), 2194–2197. DOI: 
10.1002/anie.201309876. 
 
Wang, J., Yue, Y.-D., Tang, F., Sun, J., 2012. TLC Screening for Antioxidant Activity of Extracts 
from Fifteen Bamboo Species and Identification of Antioxidant Flavone Glycosides from 
Leaves of Bambusa textilis McClure. Molecules 17, 12297–12311. 
 
Willcox, M., Bodeker, G., Rasoanaivo, P., Addae-Kyereme, J. (Eds.)., 2004. Traditional medicinal 
plants and Malaria. CRC Press Taylor& Francis Group and informa business, Boca Raton, 
Florida 33431. p. 341. 
 
Wivagg, C.N., Bhattacharyya, R.P., Hung, D.T., 2014. Mechanisms of β-lactam killing and 
resistance in the context of Mycobacterium tuberculosis. The J. Antibiotics 67, 645–
654. DOI:10.1038/ja.2014.94. 
 
Wong, Y.Y.S., Grant, I.R., Friedman, M., Elliott, C.T., Situ, C., 2008. Antibacterial Activities of 
Naturally Occurring Compounds against Mycobacterium avium subsp. paratuberculosis. 




World Health Organization (WHO)., 2014. Global tuberculosis report. Stockholm, Sweden. 171 pp. 
ISBN 978 92 4 156480 9. http://www.who.int/tb/publications/global_report/en/   
 
World Health Organization (WHO)., 2013a. Global Tuberculosis Control WHO report, Geneva, 
Switzerland. 214 pp. http://www.who.int/tb/publications/global_report/en/  
 
World Health Organization (WHO)., 201 3b . GLOBAL TUBERCULOSIS REPORT 2013. 3 
pp.http://www.dcp3.org/sites/default/files/newsfiles/WHO%20TB%20Report%20ES.pdf  
 
World Health Organization (WHO)., 2010. Multidrug and Extensively Drug-Resistant TB 
(M/XDR-TB): 2010 Global Report on Surveillance and Response. WHO Press, Geneva, 
Switzerland. 71 pp. ISBN 978 92 4 159919 1.  
 
World Health Organization (WHO)., 2006. Tuberculosis and Air Travel. Guidelines for Prevention 
and Control. (Eds.)., Geneva, Switzerland. 46 pp. 
http://whqlibdoc.who.int/hq/2006/WHO_HTM_TB_2006.363_eng.pdf;      
 
Yamauchi, K., Mitsunaga, T., Muddathir, A.M., 2016. Screening for melanogenesis-controlled 
agents using Sudanese medicinal plants and identification of active compounds in the 
methanol extract of Terminalia brownii bark. Wood Sci. 62, 285–293. 
 
Yoshida, T., Itoh, H., Matsunaga, S., Tanaka, R. and Okuda, T., 1992. Tannins and related 
polyphenols of euphorbiaceous plants. IX. Hydrolyzable tannins with 1C4 glucose core 
from Phyllanthus flexuosus Muell. ARG. Chem. Pharm. Bull. 40, 53–60. 
 
Young, D.B., Gideon, H.P., Wilkinson, R.J., 2009. Eliminating latent tuberculosis. Trends 
Microbiol 17(5), 183–188. 
 
Zhang, C., Jiang, K., Qu, S.-J., Zhai, Y.-M., Tan, J.-J., Tan, C.-H., 2015. Triterpenoids from the 
barks of Terminalia chebula. J. Asian Nat. Prod. Res. 17 (10), 996 –1001. 
http://dx.doi.org/10.1080/10286020.2015.1052803. 
 
Zhang, Y., Zhang, H., Sun, Z., 2003. Susceptibility of Mycobacterium tuberculosis to weak 
39 
 
acids. J. Antimicrob. Chemoth. 52, 56–60. DOI: 10.1093/jac/dkg287. 
 
Zhao, J., Evangelopoulos, D., Bhakta, S., Gray, A.I., Seidel V., 2014. Antitubercular activity of 
Arctium lappa and Tussilago farfara extracts and constituents. J. Ethnopharmacol. 155, 
796–800. 
 
Zheng, C.J., Yoo, J.-S., Lee, T.-G., Cho, H.-Y., Kim, Y.-H., Kim, W.-G., 2005. Fatty acid synthesis 
is a target for antibacterial activity of unsaturated fatty acids. FEBS Lett. 579, 5157–5162.  
 
Zumla, A., Nahid, P., Cole, S. T., 2013. Advances in the development of new tuberculosis drugs 










Fig. 1. Crude MeOH Soxhlet extract of the root of Terminalia brownii (A) and its Sephadex-LH 20 fractions (B and C). 
Gallic acid (1); unknown ellagitannin [M-H]
-
 456.9961 (2); unknown ellagitannin (3);  unknown ellagitannin (4) and 
isomer of methyl-S-flavogallonate (5); gallotannin (6); ellagitannin (7); ellagitannin (8); methyl-(S)-flavogallonate (9); 
ellagitannin [M-H]
-
 609.1088 (10); ellagic acid glucuronide (11); ellagic acid xyloside (12); methyl ellagic acid 
xyloside (13); ellagic acid (14); trimethyl ellagic acid (15); ellagitannin [M-H]
-
 725.4141 (16); ellagitannin [M-H]
-
 
817.4003 (17); acetylated ellagic acid derivative (18); two ellagitannins at [M-H]
-
 577.1369 and 577.1392 (19); 
ellagitannin [M-H]
-
 817.3999 (20).  
 
Fig. 2. GC/MS chromatogram of fatty acids and triterpenes in a hexane extract of the stem bark of (A) T. laxiflora and 
(B) T. brownii.  TMS-1,18-octadec-9-ene dioate (1);TMS-tetracosanoic acid (2); TMS-hexacosanoic acid (3); TMS-
octacosanol (4); TMS-octacosanoic acid (5); TMS-triacontanol (6); TMS- β-sitosterol (7); TMS-β-amyrine (8); 
stigmast-4-en-3-one (9); TMS-dotriacontanol (10); TMS-friedelin (11); TMS-betulinic acid (12); 5α-stigmastan-3,6-
dione (13); TMS-oleanane-type triterpenoids (14 ) and (15).  
 
Fig. 3 a-f. TMS mass spectra of compounds (1), (2), (3), (4), (6) and (7) in T. brownii and T. laxiflora (numbering 
according to Fig. 3 and Table 5).  Fig. 3 g-j. TMS mass spectra for compounds (9), (10), (11) and (13).  
 
 
Table 1 Growth inhibitory activity of extracts and fractions of various organs of T. brownii and T. laxiflora against 
Mycobacterium smegmatis ATCC 14468. Results obtained with an agar diffusion method.   
 
Extracts, fractions and 
antibiotics 
T. laxiflora T. brownii   
  IZ AI IZ AI 
Root extracts         
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R. EtOAc 18.5 ± 0.4 0.49 20.3 ± 0.0 0.54 
R. Me0.58 0.0 ± 22.0 0.5 0.3 ± 18.7  ٭ 
R. acet 20.7 ± 0.9 0.52 19.5 ± 0.5 0.52 
R. Dic 21.0 ± 0.6 0.56 20.3 ± 0.3 0.54 
R. hex 17.0 ± 0.6 0.45 14.0 ± 0.0 0.37 
R. aqu 19.3 ± 0.7 0.51 23.3 ± 0.7 0.62 
R. H2O
*
 21.3 ± 0.9 0.57 26.7 ± 0.7 0.71  
R. HH2O 22.0 ± 0.6 0.58 21.7 ± 0.2 0.58 
R. MeSox 22.3 ± 0.3 0.59 21.0 ± 0.6 0.56  
Rb. Dic NT NT 18.2 ± 0.4 0.48 
Rb. EtOAc NT NT 21.3 ± 0.9 0.57 
Rb. acet NT NT 23.3 ± 0.9 0.62 
Rb. Me٭  NT NT 20.0 ± 0.6 0.53 
Rb. MeSox NT NT 17.0 ± 0.6 0.45 
Rb. HH2O NT NT 19.3 ± 0.3 0.51 
Rb. aqu NT NT 15.7 ± 0.7 0.42 
Rb. H2O
*
 NT NT 20.0 ± 0.6 0.53 
Rb. hex NT NT 13.7 ± 0.2 0.36 
Sephadex LH-20 fractions 
from T. brownii roots:         
AW NT NT 28.5 ± 0.1 0.76  
ET NT NT 25 ± 0.0 0.66 
Stem wood extracts         
W. H2O
*
 18.0 ± 0.0 0.48 15.7 ± 0.3 0.42 
W. MeSox 16.7 ± 0.3 0.44 16.5 ± 0.3 0.44 
W. EtOAc 16.3 ± 0.3 0.43 17.3 ± 0.3 0.46 
W. HH2O 18.0 ± 0.6 0.48 21.3 ± 0.3 0.57 
W. hex 20.3 ± 0.0 0.54 19.5 ± 0.5 0.52 
W. Ch NA NA 15.0 ± 0.0 0.40 
W. Me0.44 0.7 ± 16.7 0.45 0.0 ± 17.0 ٭ 
W. aqu 14.0 ± 0.0 0.37 NA NA 
Stem bark extracts         
B. Me0.42 0.6 ± 16.0 0.37 0.0 ± 14.0  ٭ 
B. hex  21.0 ± 0.6 0.56 21.3 ± 0.9 0.57 
B. aqu  13.5 ± 0.0 0.36 NA NA 
B. Ch  19.5 ± 0.5 0.52 20.3 ± 0.3 0.54 
B. EtOAc  17.7 ± 0.7 0.47 16.3 ± 0.7 0.43 
B. HH2O 17.7 ± 0.3 0.47 13.8 ± 0.2 0.37 
B. MeSox  13.8 ± 0.2 0.37 14.7 ± 0.7 0.39 
B. H2O
*
 14.0 ± 0.0 0,37 14.5 ± 0.0 0,38 
Leaf extracts         
L. acet    20.0 ± 0.6 0.53 27.0 ± 0.6 0.72 
L. Dic    NA NA 14.8 ± 0.7 0.39 
L. Me0.58 0.3 ± 22.0 0.48 0.0 ± 18.0    ٭ 
L. EtOAc    23.0 ± 0.6 0.61 22.7 ± 0.7 0.60 
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L. MeSox    18.0 ± 0.6 0.48 18.0 ± 0.6 0.48 
L. hex    NA NA NA NA 
L. HH2O NA NA 16.8 ± 0.4 0.45 
L. aqu    16.0 ± 0.6 0.42 16.0 ± 0.6 0.42 
Fruit extracts         
F. Me0,53 0.0 ± 20.0 ٭ NT NT 
F. HH2O NA NA NT NT 
Rifampicin 37.7 ± 0.3 100 37.7 ± 0.3 100 
W, Stem wood; b, stem bark; R, roots; Rb, root bark; F, fruits; L, leaves; H2O
*, cold water extracts (macerations); HH2O, decoctions; MeSox, 
methanolic Soxhlet extract; Me٭, cold methanol extracts; aqu, aqueous fraction; EtOAc, ethyl acetate fraction; acet, acetone fraction, Dic, 
dichloromethane fraction; hex, hexane fraction; Ch, chloroform fraction; Sephadex LH-20 fractions of a methanol extract of the roots of T. brownii:  
AW, acetone wash; ET, ethanol wash; AI, Activity index relative to rifampicin. Two hundred μl of extracts/fractions (50 mg/ml) and rifampicin (10 
mg/ml) were applied on filter paper disks; IZ, Diameter of inhibition zones in mm as mean of triplicates (n = 3) ± SEM of three experiments. Most 


















Table 2 Minimum inhibitory concentration (MIC) of extracts and of fractions obtained with Sephadex LH-20 and RP-
18 TLC as well as pure compounds found in T. laxiflora and T. brownii against Mycobacterium smegmatis ATCC 
14468. Results in µg/ml.   
 
Extracts, fractions and antibiotic T. brownii T. laxiflora 
Roots:     
Methanolic Soxhlet extract 5000 1250 
Ethyl acetate extract 2500 1250 
Cold water extract (Maceration) 5000 2500 
Acetone extract 5000 625 
Leaves:      
Acetone extract 2500 5000 
Ethyl acetate extract 5000 2500 
Bark:     
Hexane extract 2500 2500 
Sephadex LH-20 fractions of Terminalia brownii root:     
Acetone wash  62.5 (IC94) NT 
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Ethanol wash  125 (IC96) NT 
RP18-TLC fractions of Terminalia laxiflora root:     
1 R5 EtOAc (Fraction 5) NT 500 (IC98) 
Pure compounds found in the studied plants:   
Ellagic acid
R
  500 (IC98)  
Corilagin
R
  1000 (IC94)  
Friedelin
S
  250 (IC91)  
Triacontanol
S
 250 (IC89)  
Sitostenone
S
 250 (IC96)  
Stigmasterol
LS
 500 (IC98)  
β-Sitosterol 
S
 500 (IC99)  
Stearic acid 
S
 NA  
Behenic acid 
S 
 NA  
Rifampicin 39,06 (3,90 IC98)     
NT, Not tested; MIC, in bold text for results obtained using microplate method; NA, not active at concentrations < 1000 µg/ml; (IC), the percentage 
growth inhibition resulting from MIC; R detected in roots of T. laxiflora and T. brownii; S detected in stem bark and wood of T. brownii and T. 




Table 5. GC/MS data of fatty acids, fatty alcohols, sterols and triterpenoids in hexane extracts of the stem bark of T. 










Molecular ion (M+) and prominent fragment ions  

















456[M+](2) 441(17) 397(2) 366(5) 333(1) 276(12) 248(3) 217(12) 204(8) 








440[M+](9) 425(26) 397(1) 381(1) 227(2) 201(6) 185(5) 170(3) 159(3) 








468[M+](9) 453(19) 425(1) 409(1) 369(0,5) 297(0,8) 201(4) 185(4) 145(41) 








467[M+](86) 451(2) 153(1) 143(4) 139(2) 129(15) 115(15) 111(18) 103(100) 








496[M+](9) 481(17) 453(1) 437(1) 283(1) 269(1) 255(1) 241(2) 201(5) 








495[M+](100) 479(2) 395(2) 381(0,6) 367(1) 353(1) 339(2) 325(0,7) 255(10) 






486[M+](6) 471(2) 396(12) 381(6) 357(15) 329(1) 255(6) 229(1) 213(5) 






498[M+](6) 484(4) 483(5) 410(2) 393(18) 279(2) 253(6) 241(6) 218(47) 





(Sitostenone) C29H48O 14.84 
412[M+](13) 397(3) 355(3) 289(10) 271(2) 245(4) 229(26) 215(4) 201(5) 








523[M+](71) 507(2) 485(2) 444(2)412(2) 381(1) 367(1) 355(1)341(2)325(2) 








426[M+](4) 411(2) 341(1) 302(4) 287(2) 273(9) 259(2) 257(2) 231(8) 218(9) 
205(13) 163(18) 137(20) 123(48) 109(66) 95(99) 81(100) 37.48 
37.
74 
(12) Betulinic acid-TMS 
C30H48O3-
TMS 16.32 
600[M+](1) 585(2) 510(1) 495(0,6) 482(2) 393(1) 385(2) 320(4) 281(4) 





dione C29H48O2 16.96 
428[M+](21) 413(3) 399(4) 342(1) 330(2) 315(2) 299(1) 287(9) 273(3) 








570[M+](2) 555(4) 510(2) 495(0,8) 452(13) 393(2) 353(1) 320(13) 281(4) 








570[M+](1) 555(3) 452(8) 393(1) 320(43) 307(10) 295(1) 281(3) 249(3) 


















Fig. S1. Thin layer chromatography finger print of ethyl acetate extract of the root of Terminalia laxiflora. (A) at visible 
light; (B) at 254 nm; (C) at 366 nm; (D) sprayed with DPPH reagent. 
 
Fig. S2. Thin layer chromatography finger print of a decoction of the root of Terminalia laxiflora; (A) at visible light;  
(B) at 254 nm; (c) at 366 nm, (D) sprayed with DPPH reagent.  
 
Fig. S3. Thin layer chromatography finger print of corilagin (Rf 0.549), ellagic acid (Rf 0.173) and gallic acid (Rf 
0.721); (A) at 254 nm; (B) at 366 nm, (C) sprayed with DPPH reagent.   
 
 
Fig. S7. Triterpenoid (11), sterol (8) and fatty acids (1 and 6) in hexane extracts of the stem bark of T. laxiflora and T. 
brownii.  
 
Fig. S8. Percentage yield (% w/w) resulting from single solvent extractions with a polar and non-polar solvents. a) 
Methanolic Soxhlet and hexane extracts of T. brownii and T. laxiflora, b) Macerations and decoctions of T. brownii and 
T. laxiflora. TB, Terminalia brownii; TL, Terminalia laxiflora; R, roots; Rb, root bark; W, stem wood; B, stem bark; L, 
leaves; F, fruits; MeSox, methanolic Soxhlet extract; hex, hexane extract; HH2O, decoctions; H2O*, cold water extracts 
(macerations).  
Fig. S9. Percentage yield (% w/w) resulting from sequential extraction of a) T. brownii and b) T. laxiflora. R, whole 
root; Rb, root bark; L, leaves; hex, hexane extract; Dic, dichloromethane extract;  acet, acetone extract; EtOAc, ethyl 


















































Fig. 5. GC/MS chromatogram of fatty acids and triterpenes in a hexane extract of the stem bark of (A) T. laxiflora and (B) T. brownii. TMS-1,18-octadec-9-ene dioate (1);TMS-
tetracosanoic acid (2); TMS-hexacosanoic acid (3); TMS-octacosanol (4); TMS-octacosanoic acid (5); TMS-triacontanol (6); TMS- β-sitosterol (7); TMS-β-amyrine (8); stigmast-







(b), TMS-Tetracosanoic acid (2)
M+








Fig. 6 a-f. TMS mass spectra of compounds (1), (2), (3), (4), (6) and (7) in T. brownii and T. laxiflora (numbering according to Fig. 5 and Table 5).   
 
(g), TMS-Friedelin (Friedelanone) (11)







Continued Fig. 6 g-j. TMS mass spectra for compounds (9), (10), (11) and (13).
 
